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EXECUTIVE  SUMMARY 


In  an  effort  to  produce  cost  competitive  ships  in  a  time  of  reduced  Defense  spending  and  dominance  of  the 
world  commercial  market  by  foreign  yards,  the  American  shipbuilding  industry  is  investigating  methods 
which  will  streamline  production  and  reduce  fabrication  and  assembly  times.  One  such  method  is  the 
introduction  of  automation  into  steel  fabrication  and  subassembly  processes.  Many  of  the  processes  in 
these  areas  are  both  labor  intensive  and  repetitive,  characteristics  which  are  ideally  suited  to  be  handled  by 
automation.  The  drawback,  however,  is  the  capital  cost  associated  with  automation,  especially  when  it  is 
not  known  whether  the  automation  will  produce  a  positive  return  on  the  investment  dollar.  Computer 
simulation  is  being  used  in  other  manufacturing  industries,  world-wide,  to  gain  insight  into  how  the 
introduction  of  new  resources  affects  the  company’s  current  manufacturing  capabilities  and  whether  or  not 
the  new  resources  will  produce  a  positive  return  on  investment.  The  objective  of  this  project  is  to  utilize 
computer  simulation  to  provide  American  shipyards  with  a  method  of  determining  which  of  their  specific 
processes,  in  steel  fabrication  and  subassembly,  are  likely  candidates  for  automation  and  to  what  degree. 

The  project  is  divided  into  two  phases.  In  Phase  I,  the  modeled  yard,  National  Steel  and  Shipbuilding 
Company  (NASSCO),  was  used  to  define  and  understand  existing  ‘As-Is’  steel  subassembly  and 
fabrication  processes.  Once  defined,  a  computer  simulation  software  package  was  selected  to  model  the 
processes.  The  models  were  then  used  to  identify  bottlenecks  and  constraints  in  the  system  which  could  be 
potential  areas  for  automation.  In  Phase  II  of  the  project,  new,  ‘To-Be’  models  will  be  created  which  will 
include  automation  to  reduce  or  eliminate  the  constraints  in  the  system.  The  ‘To-Be’  and  ‘As-Is’  models 
will  be  compared  in  an  effort  to  determine  the  effect  automation  has  on  the  performance  of  the  system  and 
Return  on  Investment  (ROI).  The  performance  of  the  ‘To-Be’  models  will  also  be  benchmarked  against 
the  performance  of  “world  class”  shipyards  with  similar  automation  to  measure  the  degree  to  which  the 
automation  may  make  American  yards  more  competitive  in  the  commercial  market. 

This  is  the  Phase  I  Final  Report.  It  details  the  approach  taken  by  the  NASSCO  project  team  to  carry  out  the 
Phase  I  portion  of  this  project  from  researching  how  to  initiate  a  successful  computer  simulation  project  to 
the  analysis  of  the  ‘As-Is’  models  for  bottlenecks  and  constraints.  The  report  contains  information  on 
simulation  software,  NASSCO ’s  preparation  for  a  simulation  project,  the  process  steps  which  should  be 
followed  when  conducting  a  simulation  project,  and  the  approach  taken  to  analyze  the  simulation  models. 
Decision  points  and  the  logic  applied  by  the  project  team  at  those  points  is  included  throughout  this  report 
to  help  the  reader  to  gain  insight  into  why  or  why  not  the  same  reasoning  may  be  applicable  to  his  or  her 
yard.  A  general  overview  of  computer  simulation  modeling  is  included  as  an  appendix  for  those  who  may 
have  little  or  no  experience  in  this  area.  NASSCO’s  ‘Simulation  Specification’,  which  became  the  guiding 
plan  for  the  project,  is  included  with  this  report  to  provide  the  first-time  simulation  project  team  with  an 
idea  of  what  is  needed  when  subcontracting  the  services  of  a  simulation  consultant  and  the  scope  of  work 
involved  when  the  decision  is  made  to  utilize  computer  simulation. 

Two  models,  the  Profile  Fabrication  Area  and  the  Panel  Line,  are  used  in  this  report  to  take  the  reader 
through  the  analysis  of  a  simulation  model  for  bottlenecks  and  constraints.  From  this  analysis,  it  has  been 
determined  that  the  constraints  in  the  Profile  Fabrication  Area  ultimately  become  the  manpower  and  space 
available  for  the  fabrication  of  profiles.  Automation,  such  as  a  robotic  profile  cutter,  may  eliminate  these 
constraints  by  providing  a  higher  throughput  from  a  smaller  workarea.  The  bottlenecks  in  the  Panel  Line 
are  the  one-sided  welding  operations,  the  stiffener  fitting  operations,  and  the  web  weldout  process. 
Automation,  such  as  robotic  fitting  and  welding  machines,  may  be  utilized  to  increase  throughput  in  these 
areas.  These  automated  options  will  be  investigated  in  Phase  II. 

Computer  simulation  is  proving  to  be  a  valuable  tool  in  this  project.  It  not  only  allows  the  team  to  forecast 
the  effect  of  future  changes  to  the  system’s  performance,  but  provides  a  means  to  focus  attention  on  the 
strengths  and  weaknesses  of  the  current  process.  The  key  to  success  in  both  cases  is  the  proper  planning  of 
the  project  including  the  development  of  clear  objectives.  Without  taking  these  measures  the  project  can 
easily  become  sidetracked  due  to  excessive  model  detail  and  unclear  goals.  Such  experiences  tend  to  foster 
undue  negative  feelings  toward  new  tools  such  as  computer  simulation.  Properly  prepared  for,  however, 
computer  simulation  can  achieve  the  same  success  in  the  American  shipbuilding  industry  as  it  has  seen  in 
industries  such  as  automotive,  defense,  medical,  and  electronics  manufacturing. 
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GLOSSARY  OF  TERMS 


CM 

Cutting  Machine 

MT 

Manufactured  T-beam 

NASSCO 

National  Steel  and  Shipbuilding 

NC 

Numerical  Control 

NSRP 

National  Shipbuilding  Research  Program 

ROI 

Return  on  Investment 

SLNC 

Sealift  New  Construction 

SOC  1 

Stage  of  Construction  1  -  Steel  Fabrication 

SOC  2 

Stage  of  Construction  2  -  Subassembly 

SOC  3 

Stage  of  Construction  3  -  Assembly 

WIP 

Work  In  Process 

1.0  INTRODUCTION 


The  principal  objective  of  this  National  Shipbuilding  Research  Program  (NSRP)  project  is  to  develop  a 
methodology  to  identify  specific  shipbuilding  processes  within  steel  fabrication  and  subassembly  that  are 
good  candidates  for  automation,  and  to  determine  the  degree  and  mix  of  automation  which  will  have  the 
best  overall  effect  on  the  defined  areas.  The  core  of  the  methodology  is  a  “what  if’  type  analysis  using 
computer  simulation  models.  The  theory  is  that  by  using  the  simulation  model(s),  one  can  select  an 
optimum  mix  of  automation  within  steel  fabrication  and  subassembly  operations  that  will  meet  selected 
production  goals. 

This  project  has  been  divided  into  two  phases,  analysis  of  current  ‘As-Is’  processes  and  comparison  to 
‘To-Be’  models  incorporating  automation.  This  report  is  the  Phase  I  Final  Report  of  this  NSRP  project, 
which  was  conducted  by  the  Industrial  Engineering  department  at  National  Steel  and  Shipbuilding 
Company  (NASSCO)  in  San  Diego,  California.  Portions  of  the  project  were  performed  on  a  contractual 
basis  by  First  Marine  International  and  by  Kiran  &  Associates.  Project  participants  have  backgrounds  in 
ship  production,  production  automation,  and  computer  simulation. 


Background 

To  become  more  competitive  in  the  world  commercial  market,  the  American  shipbuilding  industry  must 
streamline  current  production  methods  to  reduce  span  times  and  production  costs.  One  of  the  best  methods 
to  reduce  span  times  and  production  costs  is  to  automate  production  processes.  Automation  lends  itself  to 
labor  intensive  repetitive  processes.  Steel  fabrication  and  subassembly,  the  initial  stages  of  ship 
production,  consist  of  many  production  processes  that  are  both  labor  intensive  and  repetitive.  These  two 
areas  have  great  potential  for  the  application  of  process  automation,  and  are  therefore  the  focal  point  of  this 
project. 

The  automation  of  shipbuilding  production  processes  is  very  capital  intensive,  and  the  interdependencies 
between  these  processes  are  such  that  extensive  analysis  and  justification  are  required  by  management  to 
make  prudent  decisions  related  to  the  application  of  automation.  Computer  simulation  software  is  a  tool 
that  can  be  very  beneficial  in  this  analysis  and  justification.  Using  simulation  models,  various  automation 
scenarios  can  be  evaluated  for  their  impact  to  a  particular  process  as  well  as  to  the  overall  production 
system  within  a  relatively  short  period  of  time  and  without  the  need  to  make  capital  expenditure.  The  data 
output  from  simulation  models  can  help  management  to  optimize  their  capital  expenditures  for  process 
automation.  For  this  reason,  computer  simulation  software  has  been  selected  as  the  primary  decision 
making  tool  for  this  project. 

In  Phase  I  of  this  project,  a  computer  simulation  model  of  a  sample  shipyard’s  ‘As-Is’  production  processes 
for  steel  fabrication  and  steel  subassembly  has  been  created.  NASSCO  was  used  as  the  sample  shipyard. 
Using  the  ‘As-Is’  simulation  model,  system  bottlenecks,  constraints,  resource  requirements,  and  throughput 
capacities  have  been  defined  and  documented.  The  second  phase  of  the  project  includes  benchmarking 
activities  to  identify  ‘world  class’  methods  and  processes  for  steel  fabrication  and  steel  subassembly.  The 
results  of  the  benchmarking  activities  will  be  used  to  define  various  automation  scenarios  for  the  sample 
shipyard.  These  scenarios  will  be  simulated  by  using  modified  versions  of  the  original  simulation  model. 
Projected  impacts  to  the  production  system  for  the  various  automation  scenarios  will  be  defined  by  the 
outputs  of  the  simulation  models.  The  ultimate  goal  of  these  efforts  is  to  use  the  simulation  results  as  a 
direct  input  to  related  cost  benefits  analysis. 


2.0  SIMULATION  OVERVIEW 

Study  of  simulation  fundamentals  prior  to  beginning  a  simulation  project  for  the  first  time  is  highly 
recommended. 
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There  are  numerous  articles  and  books  on  the  subject  of  computer  simulation.  Many  of  these  publications 
can  be  found  in  college  libraries.  A  large  amount  of  information  on  simulation  can  be  found  by  browsing 
the  Internet  (e.g.  www.wintersim.org).  Another  good  source  of  information  is  professional  organizations. 
The  following  is  a  list  of  professional  organizations  that  promote  the  application  of  computer  simulation. 

American  Statistical  Association  (ASA) 

Association  for  Computing  Machinery  /  Special  Interest  Group  on  Simulation  (ACM  /  SIGSIM) 
Institute  for  Ops  Research  and  the  Management  Sciences  /  College  of  Simulation  (INFORMS  /  CS) 
Institute  of  Electrical  and  Electronics  Engineers  /  Computer  Society  (IEEE  /  CS) 

Institute  of  Industrial  Engineers  (HE) 

National  Institute  of  Standards  and  Technology  (NIST) 

The  Society  for  Computer  Simulation,  International  (SCS) 


3.0  SIMULATION  PROCESS  STEPS 

The  process  approach  used  for  this  project  is  taken  from  the  basic  steps  recommended  by  most  texts  to  be 
applied  to  any  simulation  project.  These  steps  are  illustrated  by  Figure  4.0-1.  The  overall  process  is 
iterative  with  activities  being  refined  or  even  redefined  during  each  cycle.  Because  of  the  iterative  nature 
of  the  process,  each  step  does  not  have  to  be  carried  through  to  completion  before  the  next  one  can  begin. 
Each  of  the  steps  is  discussed  in  detail  within  the  body  of  this  report. 


Figure  3.0-1:  Simulation  Modeling  Steps 
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4.0  PLANNING  THE  PROJECT 


Experienced  simulation  project  participants  will  emphasize  the  necessity  of  good  planning  in  any 
simulation  study.  Because  of  the  nature  of  simulation  modeling,  it  is  quite  possible  for  projects  with  good 
funding  and  knowledgeable  personnel  to  fail  due  to  poor  planning.  Therefore,  the  number  one  priority  of 
the  NASSCO  project  team  was  to  outline  a  plan  detailing  the  objectives  of  the  simulation  study  and  the 
steps  which  would  be  taken  to  achieve  those  objectives.  This  plan  became  the  ‘Simulation  Specification’ 
in  Appendix  B  of  this  report. 


4.1  Research 

The  first  action  taken  by  the  NASSCO  project  team  was  to  learn  about  computer  simulation.  The  majority 
of  this  task  was  completed  by  attending  the  ’96  Winter  Simulation  Conference.  At  this  conference  the 
project  team  learned  about  applications  and  capabilities  of  computer  simulation.  This  gave  the  project 
team  the  knowledge  needed  to  define  the  level  of  detail  required  by  the  model  to  meet  the  project 
objective.  The  Conference  also  helped  the  team  to  gain  insight  into  the  extensive  consulting  and  software 
resources  available  in  the  simulation  modeling  community. 


4.2  Simulation  Software  and  Vendor  Selection 

Prior  to  starting  a  simulation  project,  one  must  select  the  simulation  software  that  is  going  to  be  used  for 
the  project.  There  is  a  wide  variety  of  simulation  software  packages  available  for  purchase.  The  reader 
should  make  his  or  her  own  evaluation  of  the  various  simulation  packages,  and  select  the  one  which  will 
best  fit  their  needs.  Discrete  event  simulation  is  normally  used  when  modeling  production  processes. 
Therefore,  the  selected  software  package  should  be  good  at  discrete  event  simulation.  After  a  review  of 
most  of  the  available  PC  based  simulation  packages,  the  project  team  narrowed  their  preference  to 
SiMPLE-H-  and  ProModel. 

Due  to  the  magnitude  and  complexity  of  a  single  simulation  model  covering  both  steel  fabrication  and  steel 
subassembly  activities,  it  was  determined  that  the  required  level  of  expertise  in  simulation  modeling  did  not 
exist  at  NASSCO.  Therefore,  it  was  decided  that  a  simulation  consultant  would  be  hired  to  perform  all 
programming  tasks.  Just  as  there  are  numerous  simulation  software  packages  available  on  the  market, 
there  are  also  numerous  simulation  consultants.  Most  consultants  will  specialize  with  one  simulation 
software  package.  Therefore,  final  selection  of  the  software  package  was  influenced  by  the  selection  of  the 
consultant,  and  visa  versa.  The  ‘Simulation  Specification’  (Appendix  B)  was  distributed  to  two  simulation 
consultants  -  A  &  P  Appledore  who  specializes  in  SiMPLE++,  and  Kiran  and  Associates  who  specializes  in 
ProModel.  The  consultants  were  asked  to  bid  on  the  programming  portion  of  the  project.  An  evaluation 
matrix  (see  Figure  4.2-1)  was  created  to  compare  the  two  software  packages  and  the  vendor’s  proposals. 
Additional  pros  and  cons  of  each  software  package  are  explained  in  Sections  4.2.1  and  4.2.2. 
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ProModel 

SiMPLE-H- 

Software  license 

$16,900  includes  1st  year  of 
software  maintenance. 

Full  development  license  = 

$29K 

2000  Object  License  =  $15K 

1000  Object  License  =  $10K 
Application  License  =  $10K 

Software  maintenance 

S2.25K  per  year 

Depending  upon  the  type  of 
software  license,  annual 
maintenance  fees  are  S1.5K, 

S2.3K,  or  S4.5K 

Minimum  hardware 
requirements 

Pentium  133Mhz,  16  Mb  RAM, 

25  Mb  Free  Disk  Space,  1 6  Mb 
Swap  File,  SVGA,  Windows  3.1 

Pentium  133Mhz,  64  Mb  RAM, 
50Mb  Free  Disk  Space,  CD 

ROM,  256  color  w/  1024  x  768, 
Windows  NT 

Operating  system  requirements 

Windows  3.1  or  better 

Windows  NT 

Software  training 

Purchase  of  software  includes 
three  day  training  class  for  one 
person.  Additional  three  day 
training  sessions  $  1,100  per 
person. 

Three  day  class.  $1,500  per 
person.  Not  included  with 
purchase  of  software. 

Statistical  analysis  software 

Included 

Not  included. 

Hierarchical  modeling  used  to 
create  the  overall  model. 

Performed  external  to  ProModel 
using  Visual  Basic 

Built  in  as  part  of  the  object 
oriented  logic. 

Inheritance 

Limited 

Built  in  as  part  of  the  model 
logic.  Will  reduce  the  time 
required  to  make  model  changes. 

Model  optimization 

SimRunner  optimization 
software  included 

None 

Ease  of  software  use 

Very  straightforward 

High  skill  level  necessary  for 
complex  models. 

Software  user  base 

Very  large  user  base  (>2500) 
Includes  the  Navy,  Air  Force, 
Army,  Newport  News,  Boeing, 
Hughes,  Vought,  Northrop,  GM, 
Ford,  Motorola,  Hewlett 

Packard,  IBM,  Sony,  Caterpillar, 
Disney,  and  Anderson 

Consulting 

Smaller  user  base,  includes  A&P 
Appledore,  Bosch,  BMW,  Ciba 
Geigy,  Ford,  Hewlett  Packard, 
IBM,  John  Deere,  Mercedes 

Benz,  Levi,  and  Nokia 

Consultant 

Kiran  &  Associates 

A&P  Appledore 

Location  of  consultant 

San  Diego,  CA 

Newcastle,  England 

Accessibility  of  consultant 

Local  to  NASSCO 

20  manweeks  on  site  else 
communicate  by  phone,  fax,  and 
e-mail 

Consultant’s  proposed  project 
time  span 

12-14  weeks 

25-27  weeks 

Consulting  Fees 

$40K  -  $50K  using  stochastic 
data  for  inputs 

$205K  using  production  data  for 
inputs 

S176K  using  stochastic  data  for 
inputs 

Consultant’s  knowledge  of 
shipbuilding 

None 

Extensive 

Figure  4.2-1:  Software  and  Vendor  Evaluation  Matrix 
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4.2.1  Pros  and  Cons  of  SiMPLE-H- 


The  object  oriented  and  hierarchical  features  of  SiMPLE++  are  very  beneficial  when  creating  the  overall 
model.  Each  one  of  the  individual  modules  is  created  incorporating  all  of  the  required  details.  The 
modules  are  then  summarized  into  a  single  object  within  the  overall  model  (i.e.;  the  single  object 
representation  of  a  module  can  be  thought  of  as  a  black  box  with  all  of  the  related  detail  activities  occurring 
within  the  box).  This  gives  the  user  the  ability  to  run  the  overall  model  using  different  combinations  of  the 
‘what  if  modules,  and  the  ability  to  zoom  in  on  any  of  the  modules  to  view  the  detail  activities  occurring 
within.  However,  the  complexity  of  the  software  is  such  that  in-house  development  of  simulation  models 
with  SiMPLE++  would  be  limited,  and  therefore  in  all  probability  the  utilization  of  the  software  as  a  tool 
within  the  shipyard  would  be  limited  as  well.  The  level  of  expertise  required  to  develop  models  with 
SiMPLE++  is  reflected  in  the  higher  consulting  fees. 


4.2.2  Pros  and  Cons  of  ProModel 

The  manufacturing  orientation  and  graphics  interface  of  ProModel  is  considered  to  be  of  great  value  for  in- 
house  development  of  future  simulation  models.  The  hierarchical  requirements  of  the  overall  model  are 
achieved  by  using  a  Visual  Basic  interface  to  ProModel.  The  Visual  Basic  approach  provides  the  same 
black  box  logic  provided  when  using  object  oriented  software.  ProModel  has  a  larger  user  base,  so  the 
exchange  of  tips  and  techniques  is  more  prevalent.  The  software  is  very  easy  to  work  with,  and  therefore 
improves  the  probability  of  extended  application  within  the  shipyard.  The  purchase  price  and  consulting 
fees  are  moderately  priced.  Based  on  these  reasons,  ProModel  was  the  selected  software  for  the  project 
and  Kiran  and  Associates  was  the  selected  vendor, 


4.3  ProModel  Basics 

Once  the  software  selection  was  made,  it  was  apparent  that  in  order  to  be  able  to  provide  Kiran  and 
Associates  the  information  necessary  to  build  the  models  and  to  be  able  to  draw  conclusions  from  the 
output,  the  project  team  members  would  have  to  become  familiar  with  ProModel.  The  basic  training 
included  with  the  purchase  of  ProModel  proved  to  be  valuable  in  every  stage  of  the  project. 

ProModel  is  a  discrete  event  simulator.  Time  is  broken  down  into  blocks  during  which  events  are 
occurring  to  change  the  system  and  blocks  during  which  nothing  is  happening  at  all.  Four  “characteristics” 
of  the  system  to  be  simulated  need  to  be  defined  in  ProModel: 

•  Entities 

•  Locations 

•  Path  Networks 

•  Resources 

The  entities  in  ProModel  are  individual  objects  such  as  pieces  or  products  which  move  from  location  to 
location  .  The  entities  drive  the  system.  The  locations  are  positions  in  the  model  to  which  entities  and 
resources  are  directed.  The  path  networks  are  the  defined  pathways  over  which  the  entities  and  resources 
travel.  The  resources  are  people  or  equipment  which  process  or  transport  the  entities.  All  four  of  these 
“characteristics”  interact  through: 

•  Processing 

•  Arrivals 

The  processing  of  an  entity  is  a  set  of  instructions  for  that  entity.  Typically  the  processing  instructions  for 
an  entity  are  to  capture  a  resource,  use  the  resource  to  perform  an  operation  on  the  entity,  and  then  route  it 
to  a  new  location.  The  arrivals  are  instructions  for  the  introduction  of  material  (entities)  into  the  system. 
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The  model  is  further  enhanced  through  other  ProModel  features: 


•  Variables 

•  Attributes 

•  Macros 

•  Shift  Assignments 

Variables  can  be  set  up  in  ProModel  and  used  to  keep  track  of  data.  They  are  also  used  for  standard 
computer  programming  functions  such  as  do  loops.  Attributes  are  specific  details  which  can  be  assigned  to 
an  entity  or  location  such  as  dimensions  of  a  part  or  area  of  a  workstation.  These  attributes  are  specific  to 
each  piece  in  the  system  and  can  be  used  for  the  collection  of  data.  Macros  perform  a  similar  function  as 
variables,  however,  in  a  more  flexible  way.  The  macros  can  represent  not  only  a  number  but  also  a  set  of 
instructions  such  as  a  subroutine.  In  addition,  the  modeler  has  the  added  benefit  of  setting  up  the  macro  as 
“user-defined.”  This  will  allow  the  user  of  the  software  to  enter  in  his  or  her  own  numbers  to  be  utilized  in 
the  model.  The  input  of  maiming  and  some  process  times  in  the  steel  fabrication  and  subassembly  models 
are  done  using  “user-defined”  macros.  Shift  assignments  allow  the  modeler  to  create  a  more  accurate 
scenario  of  how  the  resources  are  utilized  in  the  system  by  including  lunches  and  breaks  into  the  simulation 
time. 


5.0  SYSTEM  DEFINITION 

The  first  step  of  the  model  design  phase  is  to  define  the  system  boundary.  For  this  project,  the  system 
boundary  shall  include  all  manufacturing  processes  and  facilities  that  are  directly  related  to  steel  fabrication 
and  steel  subassembly.  The  overall  facility  layout  forNASSCO  is  shown  in  Figure  5.0-1.  The  shaded 
portions  represent  NASSCO’s  steel  fabrication  and  subassembly  areas.  All  related  manufacturing 
processes  are  performed  within  the  shaded  areas. 


Figure  5.0-1:  NASSCO  Facility  Layout 
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NASSCO’s  steel  fabrication  consists  of  five  major  areas:  Treatment  Line,  Plate,  Profile,  Small  Parts,  and 
T-Beam  Fabrication.  NASSCO’s  subassembly  consists  of  three  major  areas:  General  Subassembly,  Box 
Girder  &  Box  Stanchion  Cell,  and  Panel  Line.  The  incoming  plate  and  profile  storage  areas  are  shown  in 
Figure  5.0-1  to  illustrate  the  location  of  external  inputs  to  the  system. 

Selecting  the  boundary  of  the  simulation  model  to  include  both  steel  fabrication  and  subassembly  creates  a 
problem  in  that,  when  one  applies  the  level  of  detail  required  to  truly  show  the  impact  of  automation  to 
these  areas,  the  size  of  the  model  becomes  extremely  large  and  difficult  to  manage.  Within  the  system 
boundary  there  are  numerous  work  centers  with  multiple  pieces  of  equipment,  which  perform  various 
processes.  In  addition,  there  are  several  entity  types,  each  of  which  can  have  numerous  routings  and 
decision  points  within  the  model. 

The  general  concept  used  to  simplify  the  simulation  model  as  defined  by  this  project  is  to  break  it  down 
into  a  collection  of  modules.  These  modules  are  individual  simulation  models  of  specific  areas  within  the 
system.  Details  of  the  system  logic  are  defined  within  the  individual  modules.  The  outputs  of  one  module 
are  the  inputs  to  another  module.  For  example,  primed  plates  that  output  from  the  treatment  line  module 
will  be  the  inputs  to  the  plate  fabrication  module.  The  completed  modules  are  joined  together  into  an 
overall  model  of  the  entire  system.  Interrelationships  between  the  different  modules  can  be  seen  with  the 
overall  model.  This  is  why  it  is  important  that  the  computer  simulation  software  have  hierarchical 
capability. 

Multiple  variations  of  the  individual  modules  will  be  created  for  the  ‘What  If  (or  ‘To-Be’)  analysis  portion 
of  the  project.  Different  scenarios  for  profile  fabrication  could  include:  adding  a  single  robotic  profile 
cutter,  adding  two  robotic  profile  cutters,  adding  a  robotic  profile  cutter  and  a  specialized  machine  to  cut 
flatbar  only,  etc.  This  will  show  the  impact  of  different  levels  of  automation  within  a  given  area.  Different 
combinations  of  the  ‘What  If  individual  modules  will  be  input  into  the  overall  model  to  ascertain  the  best 
mix  of  automation.  > 

In  the  NASSCO  example,  the  logical  modules  are  the  eight  areas  highlighted  by  Figure  5.0-1.  Therefore, 
there  will  be  one  overall  simulation  model  of  the  system  consisting  of  eight  integrated  modules.  Figure 
5.0-2  illustrates  the  overall  conceptual  design  for  the  NASSCO  model. 


System  Boundary 


Figure  5.0-2:  NASSCO  Simulation  Model  Conceptual  Design 
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5.1  Module  Definition 


Once  the  general  system  boundary  has  been  defined,  the  data  collecting  process  can  begin.  A  good  starting 
point  for  data  collection  is  to  create  detailed  definitions  of  the  identified  system  modules.  This  includes 
creating  detailed  facility  layouts,  defining  the  processes  performed,  identifying  all  pieces  of  the  processing 
equipment  and  associated  parameters,  defining  all  routings  and  associated  logic,  defining  all  methods  of 
material  handling,  and  defining  all  inputs  and  outputs  of  the  module. 

The  following  subsections  define  the  different  modules  for  the  NASSCO  model.  This  can  serve  as  a  good 
example  for  other  shipyards.  Although  the  specific  details  will  be  different  for  other  shipyards,  the 
processes,  material  handling  methods,  inputs,  outputs,  and  data  requirements  will  be  very  similar  to  the 
NASSCO  model. 


5.1.1  Treatment  Line 

The  treatment  line  lies  in  a  north/south  direction  and  is  adjacent  to  the  steelyard.  The  treatment  line  is  used 
to  remove  mill  scale  and  to  add  primer  to  plates  and  profiles.  The  equipment  consists  of  an  input  conveyor 
system,  a  shot  blast  unit  (wheelabrator),  automated  spray  painter  &  dryer,  and  an  output  conveyor  system. 

Plates  are  loaded  onto  the  input  conveyor  with  the  steelyard  crane  via  a  transfer  car  and  profiles  are  loaded 
onto  the  input  conveyor  with  a  forktruck.  Plates  are  processed  one  at  a  time,  and  are  typically  processed  on 
second  shift.  Profiles  are  processed  in  batches  of  up  to  four  at  a  time,  and  are  typically  processed  on  first 
shift.  Completed  plates  are  delivered  to  the  plate  fabrication  area  with  an  automated  material  handling 
system  (collocator  car).  Profiles  are  removed  from  the  end  of  the  output  conveyor  with  a  fork  truck. 
Processed  profiles  are  grouped  together  into  cassettes.  Fully  loaded  cassettes  of  profiles  are  delivered  to 
the  profile  fabrication  area  with  a  log  carrier.  The  general  layout  of  the  NASSCO  treatment  line  is  shown 
in  Figure  5.1-1.  The  entities  and  resources  involved  in  the  system  and  the  key  requirements  used  in 
modeling  the  area  shown  in  Table  5.1-1. 


Figure  5.1-1:  NASSCO  Treatment  Line 
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Entities  Attributes  Parent  Entity  Arrival  Rate 


raw  plates 

size  (length) 

none 

user  defined 

raw  flatbar 

size  (length  and  width) 

none 

user  defined 

raw  bulb  flats 

size  (length  and  width) 

none 

user  defined 

raw  angles 

size  (length  and  width) 

none 

user  defined 

raw  T’s 

size  (length  and  width) 

none 

user  defined 

raw  MTs 

size  (length  and  width) 

none 

user  defined 

Resources _ Key  Parameters 


steelyard  crane 

operational  speed,  distance  traveled,  and  downtime 

transfer  car 

operational  speed,  distance  traveled,  and  downtime 

forktrack 

quantity,  operational  speed,  and  downtime 

conveyor  system 

length,  width,  operational  speed,  and  downtime 

wheelabrator 

downtime 

painting  system 

downtime 

collocator  car 

operational  speed,  distance  traveled,  and  downtime 

profile  cassettes 

quantity  and  capacity 

Table  5.1-1:  Treatment  Line  Entities  and  Resources 


5.1.2  Plate  Fabrication 

Plate  fabrication  is  contained  within  a  single  crane  bay.  The  plate  fabrication  process  consists  of  cutting  / 
binning  detail  parts  from  large  blank  plates  of  primed  steel. 

Plate  cutting  operations  are  performed  on  three  NC  burning  machines  (2  plasma  and  1  oxy-fuel)  contained 
within  the  crane  bay.  Each  cutting  machine  has  two  cutting  heads  mounted  to  a  single  gantry  and  four 
table  positions.  Typically  one  operator  is  required  to  run  each  of  the  burning  machines.  All  plates  greater 
than  one  inch  thick  are  cut  on  the  oxy-fuel  burning  machine.  It  is  common  for  more  than  one  detail  part  to 
be  cut  from  a  single  plate.  Processing  times  are  a  function  of  the  marking  time,  cut  length  and  cutting 
speed.  Cutting  speeds  are  a  function  of  the  machine  type  (i.e.;  plasma  vs.  oxy-fuel)  and  plate  thickness. 

There  is  an  area  setup  for  manual  beveling  operations  at  one  end  of  the  bay.  A  percentage  of  the  plates  cut 
on  the  plasma  machines  are  sent  to  the  manual  beveling  station  for  additional  processing.  The  manual 
beveling  process  consists  of  using  hand  torches  mounted  in  tractor  type  devices  that  ride  on  tracks. 

Usually  there  are  two  workers  in  the  manual  bevel  area. 

There  is  an  overhead  gantry  crane  that  services  the  entire  crane  bay.  The  gantry  crane  is  responsible  for  all 
significant  material  handling  operations.  Duties  include,  loading  and  unloading  the  burning  machines  and 
manual  bevel  tables,  removing  excess/scrap  material  from  the  burning  tables  and  placing  it  in  scrap  bins, 
and  loading  completed  plates  onto  outgoing  material  handling  devices.  (Note:  The  bum  machine  operator 
and  or  a  helper  manually  removes  small  pieces  of  scrap  material  and  small  cut  parts  from  the  cutting 
tables.) 

Incoming  material  is  delivered  from  the  treatment  line  by  automated  material  handling  equipment  (i.e.; 
collocator  system)  and  stored  in  piles  within  the  collocator  lane.  In  process  material  is  stored  in  piles 
within  the  crane  bay.  Large  outgoing  detail  parts  are  loaded  onto  trailers  or  transfer  cars  with  the  overhead 
crane.  Smaller  outgoing  detail  parts  are  removed  from  the  area  by  fork  track.  Tracks  will  remove  loaded 
scrap  tubs  as  required.  Detail  parts  less  than  eighteen  feet  in  length  are  removed  from  the  bay  with 
forktrack.  The  layout  of  the  NASSCO  plate  fabrication  bay  is  shown  in  Figure  5.1-2.  The  entities  and 
resources  involved  in  plate  fabrication  are  listed  in  Table  5.1-2. 
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Figure  5.1-2:  NASSCO  Plate  Fabrication 


Entities  Attributes  Parent  Entity  Arrival  Rate 


raw  plates 

size  (thickness) 
cut  length 

number  of  pieces  in  nest 

none 

user  defined  or 
input  from  treatment  line 

1S33ES9II 

size  (length,  width,  thickness) 

IH2SR39IH 

process  driven 

Resources  Key  Parameters 


gantry  crane 

operational  speed,  distance  traveled,  and  downtime 

transfer  cars 

operational  speed,  distance  traveled,  and  downtime 

collocator  car 

operational  speed,  distance  traveled,  and  downtime 

plasma  cutting  machine  #1 

cutting  speeds,  setup  time,  gantry  travel  speed,  and 
downtime 

plasma  cutting  machine  #2 

cutting  speeds,  setup  time,  gantry  travel  speed,  and 
downtime 

oxy-fuel  cutting  machine 

cutting  speeds,  setup  time,  gantry  travel  speed,  and 
downtime 

number  of  heads  and  efficiency 

forktruck 

quantity,  operational  speed,  and  downtime 

Table  5.1-2:  Plate  Fabrication  Entities  and  Resources 


5.1.3  Profile  Fabrication 

Profile  fabrication  is  performed  in  a  single  crane  bay.  The  profile  fabrication  process  consists  of  cutting  / 
burning  detail  parts  from  long  pieces  of  primed  raw  stock.  The  types  of  raw  stock  processed  in  the  Profile 
Fabrication  Area  include  flatbar,  bulb  flats,  angles,  and  T’s. 

The  current  process  is  entirely  manual  and  carried  out  on  five  rows  of  roller  tables.  The  fabrication  process 
consists  of  a  layout  and  a  labeling  operation  followed  by  a  burning  operation.  The  work  is  divided 
between  a  layout  crew  and  a  burning  crew.  The  burning  crew  will  follow  the  layout  crew  in  a  round  robin 
fashion  (a.k.a.  Time  Allocation  Control  Technique  or  TACT).  It  is  typical  for  more  than  one  detail  part  to 
be  fabricated  from  a  single  piece  of  raw  stock. 

There  is  an  overhead  gantry  crane  that  services  profile  fabrication.  The  gantry  crane  is  used  to  load  and 
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unload  the  material  (one  piece  at  a  time)  onto  the  roller  tables.  The  gantry  crane  is  also  used  to  remove 
completed  parts  and  large  end  cuttings  from  the  roller  tables. 

Log  carriers  deliver  incoming  material.  Delivered  material  is  in  either  cassettes  or  loaded  onto  carrier 
blocks.  Large  outgoing  pieces  are  grouped  by  next  assembly  and  placed  into  cassettes.  A  log  carrier 
removes  these  cassettes  from  the  area.  Smaller  outgoing  pieces  are  grouped  together  by  next  assembly  on 
pallets.  Some  of  the  smallest  pieces  are  manually  loaded  onto  the  outgoing  pallets.  The  pallets  are 
removed  from  the  area  by  forktruck.  The  layout  of  the  NASSCO  Profile  Fabrication  area  is  shown  in 
Figure  5.1-3.  The  entities  and  resources  involved  in  profile  fabrication  are  shown  in  Table  5.1-3. 


Entities _  Attributes _  Parent  Entity  Arrival  Rate 


raw  flatbar,  bulb  plates, 
angles,  T’s,  &  MT’s 

size  (thickness) 
cut  length 

number  of  pieces  in  nest 

none 

user  defined  or 
input  from 
treatment  line 

cut  flatbar,  bulb  plates, 
angles,  T’s,  &  MT’s 

size  (length,  width, 
thickness) 

raw  plate 

process  driven 

Resources _  Key  Parameters 


operational  speed,  distance  traveled,  and  downtime 

roller  tables 

length  and  number  of  rows 

number  of  heads  and  efficiency 

number  of  heads  and  efficiency 

forktruck 

quantity,  operational  speed,  and  downtime 

log  carrier 

quantity,  operational  speed,  and  downtime 

cassette 

quantity,  footprint  and  holding  capacity 

Table  5.1-3:  Profile  Fabrication  Entities  and  Resources 


5.1.4  Small  Parts  Fabrication 

The  Small  Parts  Fabrication  Area  is  located  in  a  small  craneway.  Small  parts  fabrication  consists  of  cutting 
commonly  used  small  detail  parts  (chocks,  brackets,  etc.)  and  production  aides  (wedges,  padeyes,  etc.) 
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from  steel  plate.  Parts  fabricated  in  this  area  are  usually  less  than  two-foot  square  in  size. 

This  area  consists  of  two  NC  burning  machines.  Each  machine  is  an  oxy-fuel  type  with  multiple  cutting 
heads.  Parts  cut  in  this  area  are  cut  in  large  lot  sizes.  Multiple  copies  of  the  same  part  are  cut  from  a  single 
plate. 

Blank  plates  and  large  pieces  of  remnant  material  are  delivered  from  the  plate  fabrication  area  with  a 
transfer  car.  Incoming  material  is  transported  from  the  transfer  car  to  a  section  of  conveyor. 

There  are  two  small  gantry  cranes  (running  on  the  same  set  of  tracks)  that  service  this  area.  The  gantry 
cranes  are  used  to  transfer  incoming  material  from  the  incoming  conveyor  to  a  material  storage  area 
located  between  the  two  cutting  machines.  The  gantry  cranes  are  also  used  to  load  and  unload  the  cutting 
machines. 

Completed  parts  are  grouped  on  pallets  by  part  type  and/or  next  assembly.  Forktrucks  remove  the  pallets 
of  completed  parts  from  the  area.  The  layout  of  the  Small  Parts  Fabrication  area  is  shown  in  Figure  5.1-4. 
The  entities  and  resources  involved  in  small  parts  fabrication  are  listed  in  Table  5.1-4. 


Entities _ Attributes _ Parent  Entity _ Arrival  Rate 


raw  plates 

size  (thickness) 
cut  length 

number  of  pieces  in  nest 

none 

user  defined 

SSuIsiSuHMi 

raw  plate 

process  driven 

Resources 

Key  Parameters 

operational  speed,  distance  traveled,  and  downtime 

transfer  car 

operational  speed,  distance  traveled,  and  downtime 

oxy-fuel  cutting  machine  #1 

cutting  speeds,  setup  time,  gantry  travel  speed,  and 
downtime 

oxy-fuel  cutting  machine  #2 

cutting  speeds,  setup  time,  gantry  travel  speed,  and 
downtime 

oxy-fuel  cutting  machine 

cutting  speeds,  setup  time,  gantry  travel  speed,  and 
downtime 

forktruck 

quantity,  operational  speed,  and  downtime 

Table  5.1-4:  Small  Parts  Fabrication  Entities  and  Resources 
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5.1.5  T-Beam  Fabrication 


T-beam  fabrication  is  performed  in  an  area  adjacent  to  Small  Parts  Fabrication.  There  are  two  major  pieces 

of  processing  equipment  used  for  T-beam  fabrication,  a  flame  planer  and  a  T-beam  welder. 

Unprimed  plate  material  is  delivered  to  the  flame  planer  using  automated  material  handling  equipment. 
Plates  are  fed  to  the  flame  planer’s  input  conveyor  from  a  transfer  car.  The  plates  are  then  conveyed  into 
position  and  cut  to  size  by  the  flame  planer.  The  stripped  plates  will  be  used  for  T-beam  webs.  The  webs 
are  conveyed  from  the  flame  planer  to  a  second  transfer  car.  The  second  transfer  car  will  index  over  to  the 
input  side  of  the  T-beam  welder  and  feed  the  webs  into  the  welder’s  input  conveyor. 

T-beam  flanges  are  fabricated  from  flatbar.  Long  pieces  of  flatbar  are  stored  in  racks  in  the  T-beam  area. 
As  required,  pieces  of  flatbar  are  loaded  onto  sawhorses  for  cutting.  Cutting  of  flatbar  is  performed 
manually  with  a  hand  held  torch.  Completed  flange  pieces  are  loaded  into  the  T-beam  welder’s  input 
conveyor. 

The  T-beam  welder  operator  will  position  the  web  material  normal  to  the  flange  prior  to  feeding  the 
material  into  the  welder.  The  T-beam  welding  process  consists  of  passing  the  located  web  and  flange 
pieces  past  two  stationary  welding  torches.  Completed  T-beams  output  the  machine  onto  a  small  section  of 
conveyor.  (Note:  Completed  T-beams  are  more  commonly  referred  to  as  manufactured  T’s  or  MT’s.) 

There  is  an  overhead  gantry  crane  that  services  this  area.  The  gantry  crane  is  used  to  assist  with  the  flange 
cutting  operation,  and  to  stack  MT’s  onto  carrier  blocks.  Log  carriers  are  used  to  remove  stacks  of 
completed  MT’s  from  this  area,  and  to  deliver  flatbar  material.  The  layout  of  the  T-Beam  Fabrication  area 
is  shown  in  Figure  5.1-5.  The  entities  and  resources  involved  in  T-Beam  fabrication  are  shown  in  Table 


Flame  Planer 


Figure  5.1-5:  NASSCO  T-Beam  Fabrication 


Entities 

Attributes 

Parent  Entity 

Arrival  Rate 

raw  flatbar 

size  (thickness) 
cut  length 

number  of  pieces  in  nest 

none 

user  defined 

raw  plate 

size  (length,  width,  thickness 

none 

process  driven 

raw  MT 

size 

cut  flatbar 
cut  plate 

process  driven 
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Resources _  Key  Parameters 


gantry  crane 

operational  speed,  distance  traveled,  and  downtime 

transfer  cars 

operational  speed,  distance  traveled,  and  downtime 

flame  planer 

cutting  speeds,  setup  time,  and  downtime 

T-beam  welder 

setup  time,  welding  speed,  and  downtime 

manual  labor 

setup  time,  cutting  speed,  and  availability 

log  carrier 

quantity,  operational  speed,  and  downtime 

Table  5.1-5:  T-Beam  Fabrication  Entities  and  Resources 


5.1.6  General  Subassembly 

General  subassembly  operations  are  contained  within  a  long  craneway  located  due  east  of  the  fabrication 
areas  described  above.  Operations  consist  of  the  fitting  and  welding  together  of  detail  pieces  into 
subassemblies. 

This  area  is  divided  into  a  series  of  workcells.  There  are  four  basic  types  of  workcells:  minor  subassembly, 
paneling,  basic,  and  line  heating.  Incoming  work  is  level  loaded  and  grouped  within  these  cells  by 
subassembly  type. 

Small  subassemblies  are  processed  in  the  minor  subassembly  area.  This  area  consists  of  two  long  waist 
high  worktables.  An  overhead  gantry  crane  is  used  to  place  the  work  material  onto  the  tables.  Fitting  and 
welding  operations  are  performed  manually  with  stick  and  wire  feed  welding.  There  are  two  are  jib  cranes 
that  assist  with  production. 

The  paneling  area  is  setup  to  support  submerged  arc  welding  (SAW)  processes.  SAW  processes  are  used 
mainly  for  seaming  plates.  During  time  periods  with  heavy  concentrations  of  seaming  requirements  when 
floorspace  is  constrained,  plates  will  be  seamed  and  then  transferred  to  another  cell  to  complete  the 
subassembly.  During  periods  of  lighter  concentrations  of  seaming  requirements  the  subassemblies  are 
completed  within  the  paneling  area. 

There  are  seven  basic  cells.  Each  cell  contains  a  large  work  area  complete  with  all  fitting  and  welding 
utilities.  All  fitting  operations  consist  of  locating  detail  pieces  in  relation  to  one  another  and  then  tack 
welding  them  into  position.  The  resources  required  for  fitting  operations  include,  stick  welders,  crane 
service,  hand  tools,  and  fitting  aides.  Usually  only  one  fitter  is  assigned  to  a  given  subassembly.  The 
fitting  time  is  a  function  of  the  number  of  pieces,  the  size,  and  the  complexity  of  a  given  subassembly. 
Welding  operations  are  performed  after  fitting.  Both  manual  and  semi-automated  process  are  used  for 
welding.  The  number  of  welders  assigned  to  a  given  subassembly  will  vary  depending  upon  the  size  of  the 
subassembly.  The  welding  time  is  a  function  of  the  weld  footage,  weld  size,  and  subassembly  complexity. 

There  are  four  overhead  gantry  cranes  that  service  the  General  Subassembly  Area.  Each  of  the  cranes  rides 
on  the  same  set  of  rails,  which  extend  from  one  end  of  the  shop  to  the  other.  The  cranes  are  used  to  assist 
with  fitting  operations,  to  turn  workpieces,  and  to  transport  completed  subassemblies  to  line  heating  and 
outgoing  buffers. 

Incoming  material  consists  of  subassembly  kits  (i.e.  all  plate  and  profile  material  for  a  given  subassembly). 
Material  is  delivered  to  the  shop  on  second  shift.  Material  less  than  eighteen  feet  in  length  is  delivered  by 
forktruck.  The  collocator  system  and  overhead  gantry  cranes  deliver  material  greater  than  eighteen  feet  in 
length. 


Completed  subassemblies  are  transferred  by  overhead  gantry  crane  from  their  build  location  to  an  outgoing 
buffer  at  the  east  end  of  the  shop.  A  percentage  of  the  completed  subassemblies  will  require  line  heating. 
Line  heating  is  performed  on  an  acom  table  located  adjacent  to  the  outgoing  buffer  area.  Outgoing 
subassemblies  are  loaded  onto  trailers  with  the  overhead  gantry  cranes  for  delivery  to  block  assembly. 
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The  total  number  of  personnel  assigned  to  the  General  Subassembly  Area  is  a  function  of  the  production 
schedule.  The  layout  of  the  General  Subassembly  Area  is  shown  in  Figure  5.1-6.  The  entities  and 
resources  involved  in  the  subassembly  process  are  shown  in  Table  5.1-6. 


Incoming  Minor  S/A  Incoming 
Material  Worktables  Material 


Incoming 

Material 


Incoming 

Material 


Paneling  Area 


Cell  A 
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Cell  E 


Subassembly  Cell  Ctyp) 

/  Line  Heating 

A—5 


Cell  r 


~r 


Collocator  Lane 


Transfer  Car 


7 

Gantry  Crane  Ctyp) 


Transfer  Car 


Completed 

Subassemblies 


Figure  5.1-6:  NASSCO  General  Subassembly 


Entities 

Attributes 

Parent  Entity 

Arrival  Rate 

subassembly 

kits 

size  (laydown  area) 
number  of  pieces 
weld  footage 
complexity 
weight 

cut  plate 
cut  flatbar 
cut  bulb  flat 
cut  angles 
cut  T’s 

user  defined 

size  (volume) 
weight 

subassembly  kits 

process  driven 

Resources 

Key  Parameters 

operational  speed,  distance  traveled,  and  downtime 

transfer  cars 

operational  speed,  distance  traveled,  and  downtime 

fitter  (manual  labor) 

efficiency 

welder  (manual  labor) 

efficiency 

line  heater  (manual  labor) 

efficiency 

forktruck 

quantity,  operational  speed,  and  downtime 

Table  5.1-6:  General  Subassembly  Entities  and  Resources 


5.1.7  Box  Girder  &  Box  Stanchion  Cell 


Sealift  New  Construction  (SLNC)  centerline  box  girders  and  box  stanchion  are  assembled  in  a  dedicated 
cell.  The  cell  is  located  at  the  east  end  of  the  main  block  assembly  table. 

The  cell  is  divided  into  two  areas,  one  half  for  box  girders  and  one  half  for  box  stanchions.  Each  area 
consists  of  two  stations.  The  first  station  is  an  assembly  fixture.  All  fitting  operations  are  completed  in  the 
assembly  fixtures.  The  second  station  is  a  large  open  area  used  to  complete  welding  operations. 

There  are  two  dedicated  gantry  cranes  in  the  cell,  one  for  each  area.  These  cranes  are  used  for  fitting 
operations  and  to  transfer  subassemblies  from  station  one  to  station  two.  The  main  block  assembly  gantry 
crane  is  required  to  assist  with  loading  and  unloading  the  box  girder  assembly  fixture. 
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There  is  one  fitter  in  the  cell  who  will  alternate  between  the  two  assembly  fixtures.  There  is  a  group  of 
welders  that  follow  behind  the  welder  to  complete  the  subassemblies. 

Incoming  material  less  than  eighteen  feet  in  length  is  delivered  by  forktruck.  The  collocator  system  and 
the  block  assembly  gantry  crane  deliver  material  greater  than  eighteen  feet  in  length.  Completed 
subassemblies  are  removed  from  the  cell  and  delivered  to  block  assembly  with  the  yard’s  whirly  gantry 
cranes.  The  layout  of  the  Box  Girder  /  Box  Stanchion  Cell  is  shown  in  Figure  5.1-7.  The  entities  and 
resources  involved  in  the  fabrication  of  box  girders  and  box  stanchions  are  listed  in  Table  5.1-7. 


Collocator  Lane  Box  Stanchion 

Material  Staging  Station  2 


Lg.  Gantry  Crane 


Figure  5.1-7:  NASSCO  Box  Girder  &  Box  Stanchion  Cell 


Entities 

Attributes 

Parent  Entity 

Arrival  Rate 

subassembly  kit 

size  (length) 
number  of  pieces 
weld  footage 

cut  plates 

user  defined 

completed  subassembly 

size  (length) 
weight 

subassembly  kit 

process  driven 

Resources  Key  Parameters 


gantry  cranes 

operational  speed,  distance  traveled,  and  downtime 

fitter  (manual  labor) 

number  of  heads  and  efficiency 

welder  (manual  labor) 

number  of  heads  and  efficiency 

forktruck 

quantity,  operational  speed,  and  downtime 

Table  5.1-7:  Box  Girder  /  Box  Stanchion  Entities  and  Resources 


5.1.8  Panel  Line 

Basic  flat  panels  are  fabricated  on  the  Panel  Line,  which  is  located  adjacent  to  the  Plate  Fabrication  crane 
bay.  The  Panel  Line  is  a  series  of  nine  stations  connected  by  a  common  panel  line  drive  system  (similar  to 
a  conveyor).  There  is  a  single  gantry  crane  that  services  the  entire  line. 
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Station  One  is  the  plate  fitting  station.  Incoming  plates  are  received  from  plate  fabrication  via  a  transfer 
car.  Workers  will  perform  some  minor  edge  prep  and  then  fit  the  incoming  plate  to  the  preceding  plate. 
Workers  use  magnetic  plate  positioners  to  align  and  fair  the  plates.  Deck  sockets  are  installed  in  this 
station  after  all  plates  in  a  given  panel  have  been  fitted  together.  Deck  sockets  are  cover-leaf  patterns  cut 
into  the  deck  of  the  SLNC  ships  in  order  to  lash  wheeled  cargo  down.  A  bowl  is  attached  to  the  underside 
of  the  deck  to  prevent  water  from  spilling  through  the  clover-leaf  opening.  The  processing  time  in  this 
station  is  a  function  of  the  number  of  plates  in  a  panel  and  the  number  of  deck  sockets  (if  any). 

Station  Two  is  the  plate  seaming  station.  Fitted  panels  are  fed  into  a  one  sided  welder  for  seaming.  The 
one  sided  welder  can  process  one  seam  at  a  time.  A  percentage  the  seams  will  require  rework.  There  is  an 
inspection  and  repair  pit  immediately  after  the  one  sided  welder.  All  rework  is  performed  in  the  inspection 
pit.  Processing  time  is  a  function  of  the  number  of  seams,  the  length  of  each  seam  and  the  amount  of 
rework. 

Station  Three  is  the  layout  station.  Two  workers  will  manually  layout  and  mark  the  frame  and  longitudinal 
stiffener  locations  on  the  panel.  In  addition  to  layout  operations,  the  edges  of  the  panel  are  trimmed  in  this 
station.  Processing  time  is  a  function  of  the  layout  and  trimming  times. 

Station  Four  is  the  longitudinal  stiffener  fitting  station.  Log  carriers  deliver  cassettes  loaded  with 
longitudinal  stiffeners  to  the  panel  line.  The  cassettes  are  then  placed  in  the  stiffener  fitting  station  with 
either  the  panel  line  gantry  crane  or  with  one  of  the  yard’s  whirly  gantry  cranes.  The  panel  line’s  gantry 
crane  is  used  to  remove  individual  stiffeners  from  the  cassette  and  to  position  them  onto  the  panel.  Fitting 
aides  are  used  to  hold  the  stiffeners  in  an  upright  position,  and  the  crane  is  released  to  get  another  stiffener. 
The  panel  is  then  positioned  under  a  stiffener  fitting  gantry.  The  fitting  gantry  is  simply  a  press  used  to 
squeeze  out  any  gaps  between  the  stiffener  and  the  panel.  As  the  stiffener  is  fitted,  it  is  tack  welded  to  the 
panel.  The  fitting  gantry  can  process  two  stiffeners  simultaneously.  Processing  time  is  a  function  of  the 
number  and  quality  of  stiffeners  in  a  panel,  and  the  availability  of  the  panel  line  gantry  crane. 

Station  Five  is  the  longitudinal  stiffener  welding  station.  This  station  consists  of  a  gantry  capable  of 
simultaneously  welding  both  sides  of  four  longitudinal  stiffeners.  This  is  a  fairly  automated  station.  The 
only  manual  work  consists  of  aligning  the  panels  and  completing  wrap  welds  on  the  ends  of  each  stiffener. 
Processing  time  is  a  function  of  the  number  of  stiffeners  and  the  weld  lengths. 

Stations  Six  and  Seven  are  web  fitting  stations.  Log  carriers  deliver  webs  to  the  panel  line  and  drop  them 
in  the  roadway  adjacent  to  the  line.  One  of  the  yard’s  whirly  gantry  cranes  is  used  to  place  the  load  of 
webs  onto  to  panel  line.  The  panel  line’s  gantry  crane  is  then  used  to  fit  the  webs  into  place  on  the  panel. 
Various  fitting  aides  are  used  for  this  process.  The  second  web  fitting  station  is  simply  a  rate  station.  The 
number  of  fitters  is  a  function  of  the  number  of  webs  per  given  panel  and  the  desired  line  rate.  Processing 
time  is  a  function  of  the  number  of  webs,  the  number  of  fitters  assigned,  and  the  availability  of  the  panel 
line  gantry  crane. 

Stations  Eight  and  Nine  are  weld  out  stations.  Each  station  has  a  service  gantry  with  welding  services  for 
up  to  eight  welders  suspended  above  the  work.  The  number  of  welders  assigned  to  these  stations  is 
determined  by  the  scheduled  work  content.  Processing  time  is  a  function  of  the  number  of  welders 
assigned  and  the  total  weld  footage.  Completed  panels  are  removed  from  this  station  by  one  of  the  yard’s 
whirly  gantry  cranes.  The  Panel  Line  layout  is  shown  in  Figure  5.1-8.  The  entities  and  resources  involved 
in  the  fabrication  of  panels  are  listed  in  Table  5.1-8. 
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Figure  5.1-8:  NASSCO  Panel  Line 
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Entities _  Attributes _ Parent  Entity  Arrival  Rate 


plates 

size  (length) 

none 

input  from  plate  fab 

deck  sockets 

EMg3SS3SHHHI 

none 

input  from  storage 

stiffeners 

size  (length) 

none 

input  from  storage 

webs 

size  (length) 

none 

input  from  storage 

panels 

size  (length  and  width) 

none 

none  (output  product) 

Resources 

Key  Parameters 

gantry  cranes 

operational  speed,  distance  traveled,  and  downtime 

EiBSinBi 

number  of  heads  and  efficiency 

number  of  heads  and  efficiency 

one-sided  welder 

operational  speed  and  downtime 

circular  welder 

operational  speed,  and  number  of  machines 

stiffener  press 

downtime 

stiffener  welder 

operational  speed,  downtime,  and  number  of  stiffeners 

Table  5.1-8:  Panel  Line  Entities  and  Resources 


5.2  Flowcharts 

In  addition  to  the  module  definitions,  one  must  create  process  flowcharts  of  the  entire  system.  The 
flowcharts  will  define  the  step-by-step  progression  of  entities  through  the  system.  This  includes  defining 
the  system  logic,  such  as,  material  storage  points,  material  handling  rules,  decision  points,  processing  steps, 
etc.  The  flowcharts  will  communicate  the  system  logic  to  a  model  developer. 

Appendix  D  contains  a  copy  of  the  NASSCO  model  overall  flowchart.  Originally,  a  flowchart  was  created 
for  each  of  the  different  simulation  modules.  The  separate  flowcharts  were  then  combined  into  an  overall 
flowchart  to  show  the  interrelationships  between  the  different  areas.  A  narrative  supplement  was  also 
created  for  the  NASSCO  model  for  fiirther  clarification  to  the  model  developer. 


6.0  MODEL  BUILDING 

Once  the  processes  to  be  modeled  are  defined,  the  actual  building  of  the  models  can  begin.  Some  general 
guidelines  for  the  building  of  the  model  were  established  by  the  NASSCO  project  team.  These  guidelines 
not  only  addressed  the  general  setup  of  the  model,  but  also  user  interfaces,  the  type  of  data  which  was  to  be 
collected,  and  how  that  data  was  to  be  used  in  the  model.  During  the  building  of  the  model  additional  data 
was  collected,  and  the  models  were  verified  and  validated  by  comparing  the  output  to  actual  performance 
data. 


6.1  Model  Specifics 

The  following  specifics  were  created  by  the  NASSCO  project  team  as  basic  guidelines  for  creating  the 
simulation  models. 

•  For  development  purposes,  the  individual  modules  were  created  in  such  a  manner  that  they  could  be 
executed  without  input  from  other  system  modules.  This  reduced  the  confusion  during  the  ‘As-Is’ 
model  development  and  validation  steps. 

•  Facilities  outside  the  system  boundary  were  defined  but  not  modeled  explicitly.  In  the  NASSCO 
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model,  raw  material  is  introduced  to  the  system  from  the  steelyard.  The  arrival  rate  and  attributes  of 
raw  material  entering  the  system  is  controlled  by  user  defined  functions.  Completed  detail  parts  and 
subassemblies,  which  are  routed  to  block  assembly  (SOC  3),  simply  exit  the  system. 

•  Physical  processes,  such  as  cutting  plates,  within  the  system  boundary  were  modeled  to  a  level  which 
provided  an  accurate  analysis  of  the  time  and  resources  required. 

•  Material  handling  processes,  such  as  transporting  WIP  by  crane,  were  modeled  to  a  level  which 
provided  an  accurate  analysis  of  the  time  and  resources  required. 

•  In  process  storage  locations  were  modeled.  This  is  required  to  show  the  effect  that  process  and 
material  handling  changes  have  on  WIP  levels. 

•  Labor  was  also  included  in  the  model.  Personnel  are  either  dedicated  (assigned  to  a  specific  station)  or 
floating  (not  assigned  to  a  specific  station).  Labor  was  divided  into  trade  classes  (e.g.;  machine 
operator,  layout,  burner,  fitter,  welder,  etc.) 

•  Resources  within  the  model  consist  of  physical  processing  equipment  (cutting  machines,  welding 
units,  etc.),  material  handling  equipment  (conveyors,  fork  trucks,  cranes,  log  carriers,  etc.),  and  labor 
(machine  operators,  fitters,  welders,  etc.). 

•  Downtime  of  resources  is  modeled.  Downtime  includes  scheduled  and  unscheduled 
downtime. 

•  There  are  a  variety  of  entity  types  within  the  system.  As  these  entities  flow  through  the  system,  they 
can  change  from  one  type  to  another.  A  single  entity  can  produce  several  entities  as  the  result  of  a 
physical  process  (A  single  raw  plate  will  produce  several  detail  parts.).  Multiple  entities  can  be  joined 
together  to  create  a  single  entity  (Individual  pieces  welded  together  to  produce  a  single  subassembly.). 

•  Each  entity  has  a  set  of  defining  attributes  (entity  type,  length,  width,  height,  weight,  etc.).  These 
attributes  are  used  to  determine  routings  and  processing  times.  Entity  attributes  can  change  as  an 
entity  flows  through  the  model. 


6.2  User  Interfaces 

In  addition  to  the  ability  to  execute  the  overall  model,  the  user  should  be  given  the  ability  to  execute  any  of 
the  individual  modules.  The  user  should  have  the  ability  to  modify  certain  model  parameters.  These 
parameters  should  include  things  such  as  the  following: 

•  simulation  duration  (clock  time) 

•  resource  availability  (shift  assignments,  percent  downtime,  etc.) 

•  resource  quantities  (number  of  personnel  in  the  labor  pools,  number  of  forktrucks,  etc.) 

•  entity  attribute  functions  (user  defined  distributions) 

•  entity  arrival  rates 

•  physical  processing  times  (cutting  and  welding  speeds,  etc.) 


6.3  Data  Collection 

In  the  data  collection  phase  of  the  project,  all  of  the  pertinent  information  and  system  logic  is  defined, 
collected  and  documented.  Data  will  come  from  a  variety  of  sources  including,  observation,  production, 
engineering,  maintenance,  and  quality  assurance.  A  general  rule  of  thumb  on  data  collection  is  the  more 
accurate  the  data,  the  more  accurate  the  model.  Only  key  elements  that  have  a  direct  effect  on  the  system 
performance  are  included  in  the  model.  The  following  is  a  list  of  the  types  of  data  required  by  the 
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simulation  model. 


•  machine  capacities 

•  machine  downtimes  (planned  and  unplanned) 

•  material  handling  equipment  (types,  quantities,  speeds  and  lifting  capacities) 

•  arrival  rates  of  material  (scheduled  throughput  requirements) 

•  entity  types 

•  entity  attributes 

•  process  parameters  (e.g.  feedrates,  welding  speeds,  etc.) 

•  process  logic  (e.g.  decision  rules,  resource  requirements,  etc.) 

•  location  definitions  (e.g.  physical  locations  of  equipment  and  buffers,  etc.) 

•  path  definitions  (e.g.  physical  routings  used  to  transport  material  within  the  system) 

•  labor  (trade  classification,  number  of  heads,  capabilities,  shift  assignments) 


Stochastic  Data 


For  most  models  it  is  not  practical  to  try  to  use  actual  production  data  from  product  break  down  structures 
and  production  schedules  as  direct  system  inputs.  The  size  and  complexity  of  a  simulation  model  using 
actual  production  data  would  preclude  the  application  of  PC  based  simulation  programs.  This  is  what 
MRP  II  systems  are  for.  Statistics  are  used  to  represent  production  data  within  simulation  models.  For 
instance,  a  good  source  of  data  for  plate  fabrication  processes  is  electronic  files  containing  the  NC 
programs  used  by  the  burning  machines.  From  this  type  of  file,  it  is  quite  possible  to  attain  a  complete 
listing  of  all  plate  sizes  (i.e.  length,  width,  and  thickness)  and  cutting  lengths  from  which  processing  times 
can  be  derived.  The  proper  method  to  use  this  data  in  a  simulation  model  is  to  perform  statistical  analysis 
on  the  data  in  order  to  define  a  distribution  that  accurately  represents  the  data.  These  distributions  are  then 
used  within  the  model  to  assign  attributes  to  entities.  When  a  raw  plate  entity  is  created  (enters  the  system) 
the  simulation  model  will  assign  attributes  to  the  entity  based  on  user  defined  distributions.  In  this  way,  the 
module  emulates  the  real  world  system  without  having  the  complexity  of  using  actual  production  data.  ’ 

There  are  numerous  sources  of  randomness  within  simulation  models  of  manufacturing  systems.  The 
following  is  an  example  of  some  of  these  sources  of  randomness. 

•  interarrival  times  of  parts  or  raw  material 

•  setup  and  processing  times 

•  times  between  failure  for  equipment 

•  repair  times  for  equipment 

•  material  sizes  (length,  width,  and  thickness  or  height) 

•  number  of  pieces  per  nest 

It  is  highly  recommended  that  a  statistical  analysis  software  package  be  used  to  assist  with  the  data 
analysis.  A  statistical  analysis  package  will  take  data  in  spreadsheet  format  and  automatically  fit  the  data  to 
the  proper  distribution  by  performing  all  applicable  “goodness  of  fit”  tests.  There  are  several  such 
packages  available  on  the  market.  Some  of  the  simulation  packages,  such  as  ProModel,  include  statistical 
analysis  software. 


6.4  Verification  and  Validation 

Before  the  experiments  can  be  run,  the  model  must  be  verified  and  validated.  This  process  ensures  that  the 
users  have  complete  confidence  in  the  output  of  the  model.  Only  when  this  is  achieved  will  the  experiment 
results  be  fully  appreciated.  In  order  to  achieve  this  the  following  must  be  undertaken. 

First,  the  model  must  be  verified  whereby  personnel  with  detailed  knowledge  of  the  production  system 
being  modeled  are  asked  to  check  the  model  behavior  to  ensure  that  it  reflects  the  true  nature  of  the  real 
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system.  An  exact  representation  is  not  necessary  to  pass  this  test  but  it  is  important  to  ensure  that  key 
system  behavior  characteristics  are  not  neglected.  In  addition,  the  modeler  performs  debugging  during  the 
verification  phase  of  the  project  to  make  sure  the  model  and  its  output  are  running  true  to  the  way  it  was 
programmed. 

Once  verified,  the  accuracy  of  the  model  must  be  validated.  To  do  this,  historical  real  system  inputs  are 
fed  into  the  model  and  the  model  is  executed.  The  model  outputs  are  then  compared  against  a  matching  set 
of  historical  real  system  outputs.  Note:  Simulation  models,  which  take  account  of  the  variability  of 
processes,  have  outputs  that  are  statistical  in  nature.  The  model  outputs  will  therefore  have  a  mean  value 
and  a  variance  associated  with  that  mean.  If  the  model  results  and  the  historical  real  system  outputs  agree 
to  within  10%  -  15%  at  the  highest  level  (e.g.;  total  entities  processed  within  a  given  module,  etc.),  then 
accuracy  comparisons  on  a  detailed  level  can  then  be  made  throughout.  This  process  should  start  by 
comparing  buffer  contents  and  throughputs  of  each  area  before  getting  to  the  individual  resource 
performances. 

It  is  likely  that  the  model  will  not  pass  the  validation  and  verification  tests  on  the  first  attempt.  In  this  case 
the  following  procedure  should  be  carried  out: 

•  Check  each  of  the  outputs  at  the  global  level  for  accuracy.  The  global  level  outputs  are  the  highest 
level  products  produced  by  the  model  being  validated.  For  example,  the  number  of  profiles  produced 
in  the  Profile  Fabrication  Area  model  or  the  number  of  panels  assembled  on  the  Panel  Line.  This  will 
isolate  the  areas  in  which  the  inaccuracy  is  the  greatest. 

•  Having  isolated  the  problem  area,  the  system  and  product  data  relevant  to  these  process  areas  should 
be  verified  by  revisiting  the  appropriate  data  collection  points. 

•  Review  process  descriptions  and  assumptions  about  the  suspect  area. 

•  Modify  the  system  as  required  and  revalidate  the  model. 


7.0  RUN  MODELS  FOR  OUTPUT 

After  the  models  have  been  verified  and  validated,  they  are  run  to  produce  the  process  performance  output. 
The  NASSCO  project  team  has  completed  the  building  of  all  eight  models  (plus  the  overall  model).  Two 
models,  the  Profile  Fabrication  Area  and  the  Panel  Line,  have  been  included  in  this  report  to  explain  to  the 
reader  the  analysis  process  used  in  this  project.  The  analysis  of  one  or  more  additional  models  may  be 
included  in  the  Phase  II  Final  Report. 

There  were  different  variations  of  the  Profile  Fabrication  Area  and  the  Panel  Line  models  which  were 
created  for  the  Phase  I  analysis: 

1 .  A  “baseline”  model 

2.  A  “high  output”  model 

3.  A  “most  likely  operating  condition”  model 

These  variations  differed  only  in  the  manning  levels  and  material  rates  which  were  input  into  the  model. 


7.1  “Baseline”  Model 

The  baseline  model  uses  as  its  inputs  for  manning  a  typical  level  for  current  production  rates.  This  is  the 
starting  point  for  the  comparison  analysis  to  the  automated  models.  A  comparison  could  be  done  using 
only  the  ‘baseline”  model,  however,  because  of  the  nature  of  ship  production  this  may  not  be  the  highest 
possible  throughput  which  may  be  handled  by  the  system  nor  is  it  necessarily  the  most  efficient  in  resource 
utilization.  Therefore,  other  variations  of  the  model  had  to  be  setup  in  order  to  create  a  “most  likely 
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operating  condition”  which  was  representative  of  an  efficiently  run  real-life  process. 


7.2  “High  Output”  Model 

The  “high  output”  model  uses  as  its  inputs  for  manning  the  highest  level  possible  based  on  constraints  of 
the  system.  For  example,  in  the  Profile  Fabrication  Area  this  constraint  is  based  on  the  number  of  positions 
at  each  workstation.  There  are  20  positions  defined  in  the  model  for  the  Roller  Table  workstation. 
Therefore,  since  each  position  can  support  only  one  person  due  to  equipment  and  space  limitations,  the 
manning  limit  for  the  resources  which  work  at  this  workstation  is  20. 

Increased  maiming  in  the  models  typically  caused  decreased  utilization  of  the  resources  due  to  the  fact  that 
material  was  being  processed  during  the  same  time  span  by  more  resources.  To  counteract  this  decreased 
utilization,  the  input  rate  of  material  into  the  system  is  also  increased  until  the  maximum  utilization  of  the 
location  or  resource  was  reached.  A  limit  of  75%  to  85%  utilization  was  used  in  these  models  (as  opposed 
to  100%)  utilization  to  account  for  Personal  Fatigue  and  Delay  (PF  &  D).  The  PF  &  D  takes  into  account 
lunches  and  breaks  not  currently  defined  in  the  shift  assignment.  ProModel  has  the  capability  of  defining 
lunches  and  breaks  in  its  shift  assignment,  however,  creating  a  shift  assignment  for  a  model  with  a  large 
number  of  resources  and  locations  such  as  the  Profile  Fabrication  Area  can  become  quite  involved.  A 
blanket  assignment  of  the  same  shift  to  both  locations  and  resources  can  be  done,  however,  since  many 
resources,  such  as  overhead  cranes,  do  not  begin  a  break  without  first  completing  the  current  task,  this  may 
not  be  the  most  realistic  way  to  set  up  shift  assignments.  Priorities  can  be  assigned  for  different  work 
stoppage  scenarios,  however,  setting  up  the  priorities,  which  are  in  levels  from  1  to  999,  for  each  scenario 
can  become  quite  time  consuming.  For  the  purposes  of  this  analysis  the  project  team  decided  to  simplify 
the  exercise  by  running  a  2-8-5  shift  with  no  breaks  then  applying  the  75%  to  85%  utilization  limit  to  take 
into  account  PF  &  D. 


7.3  “Most  Likely  Operating  Condition”  Model 

When  the  maximum  throughput  and  manning  levels  are  achieved  in  the  “high  output”  model  any 
inefficiencies  in  the  model  should  be  addressed  and  corrected  if  possible.  This  results  in  the  creation  of  a 
“most  likely  operating  condition”  model.  In  this  model,  the  resources  are  being  used  at  the  most  efficient 
level  possible,  while  material  being  supplied  to  the  system  allows  for  the  highest  possible  throughput  for 
that  manning  condition.  This  is  the  model  which  will  be  used  as  a  comparison  to  a  “most  likely  operating 
condition”  of  an  automated  process. 


8.0  OUTPUT  ANALYSIS 

Just  as  it  is  important  to  have  a  clear  set  of  goals  when  developing  the  models,  it  is  necessary  to  plan  the 
analysis  of  the  output.  There  are  many  factors  which  influence  the  conclusions  that  can  be  drawn  from  the 
output  of  the  models.  Without  understanding  these  factors  it  is  possible  to  draw  wrong  conclusions  from 
good  results.  The  modeler  must  have  an  understanding  of  the  software  and  the  models  in  order  to  fully 
appreciate  the  results  of  the  simulation  runs. 

8.1  Analysis  of  The  Profile  Fabrication  Area  Model 

The  work  done  in  the  Profile  Fabrication  Area  is  detailed  in  Section  5.1.3.  The  material  in  the  model  is 
brought  into  the  bay  by  straddle  carrier  in  carrier  blocks  where  it  is  placed  in  a  storage  area  The  arrival  of 
the  raw  stock  material  into  the  storage  area  will  become  important  during  the  running  of  the  simulation 
models.  By  controlling  the  flooding  or  starving  of  the  storage  area  with  raw  stock  material,  the  output  and 
utilization  of  the  locations  and  resources  can  be  controlled  by  the  modeler.  The  individual  raw  stock  pieces 
are  moved  into  the  workstation  by  overhead  crane  where  it  is  processed  by  layout,  burners,  and  in  some 
cases,  welders  and  ironworkers.  Once  the  processing  is  complete,  the  material  is  moved  out  of  the 
workstation  by  the  overhead  crane  and  placed  in  a  staging  location  where  it  remains  until  there  are  enough 
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finished  pieces  to  warrant  a  move  to  storage.  The  material  is  brought  into  the  system  in  constant  batch 
sizes  which  are  defined  by  the  model  user.  The  number  of  pieces  from  each  raw  stock  material  piece  is 
calculated  using  a  distribution  determined  by  current  production  data.  The  process  times  for  each  type  of 
raw  stock  are  based  on  the  average  actual  process  times  per  part. 


8.1.1  Analysis  of  The  “Baseline”  Model 


The  “baseline”  model  for  the  Profile  Fabrication  Area  was  set  up  using  a  manning  level  characteristic  of 
the  level  currently  seen  in  that  area  today.  The  throughput  for  this  manning  level  is  also  similar  to  current 
performance.  The  manning  level  and  the  throughput  are  shown  in  Table  8.1-1. 


Manning 

Profile  Layout  Crew 

3 

Profile  Burn  Crew 

5 

T-Beam  Fit  Crew 

1 

Flatbar  Layout  Crew 

3 

Flatbar  Burn  Crew 

6 

T-Beam  Weld  Crew 

2 

T-Beam  Paint  Crew 

1 

[Carrier  Block  Arrivals  Per  8  Hours  | 

Profiles 

2 

Flatbar 

1 

T-Beams 

1 

|Throughput  (1  Month) 

699 

Raw  Stock  Profiles  Processed 

683 

Profile  Pieces  Produced 

2890 

Raw  Stock  Flatbar 

624 

Raw  Stock  Flatbar  Processed 

624 

Flatbar  Pieces  Produced 

4217 

Raw  Stock  T-Beams 

138 

Raw  Stock  T-Beams  Processed 

134 

T-Beam  Pieces  Produced 

195 

Table  8.1-1:  “Baseline”  Model  Inputs  and  Throughputs 

Graphs  of  the  Resource  and  Location  States  for  this  simulation  run  are  shown  in  Graph  8.1-1.  In  order  to 
make  the  graphs  more  readable,  the  positions  shown  in  the  Location  States  for  the  Roller  Table,  Production 
Table  10,  and  Flatbar  Area  are  only  one  of  several  positions  defined  for  those  workstations  in  the 
simulation  model.  A  more  detailed  collection  of  the  “baseline”  model  output  statistics  (including  all  of  the 
resources  and  locations)  are  included  in  Appendix  E. 


Resource  States 

Travel  To  Use  |  Travel  To  Park 


Name 

PLayoutCrew 

PBurnCrew 

TFittingCrew 

TWeldingCrew 

TPaintCrew 

FLayoutCrew 

FBurnCrew 

Carrier 

Crane_600 

Crane  590 


100% 
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Single  Capacity  Location  States 


Down 


Graph  8.1-1:  “Baseline”  Model  Resource  and  Location  States 

The  resource  states  from  the  simulation  run  show  a  very  high  usage  for  the  profile  layout  crew  (90%)  and 
profile  bum  crew  (95%).  These  numbers  are  well  above  the  75%  to  85%  usage  limit  that  was  determined 
based  on  PF  &  D.  This  basically  means  that  the  additional  15%  to  20%  of  the  work  will  actually  have  to 
be  done  on  third  shift  or  weekends  which  is  sometimes  the  case  in  this  area  during  peak  production  periods. 
There  are  two  possible  options  to  lower  the  resource  usage  to  the  acceptable  2-8-5  level  used  in  the  models. 
The  amount  of  material  being  input  into  this  area  can  be  reduced  or  the  manning  can  be  increased. 

The  Single  Capacity  Location  State  graph  shows  that  almost  75%  of  the  scheduled  working  time  for  the 
Roller  Tables  is  time  spent  waiting  for  resources.  More  people  are  needed  in  the  Roller  Table  Workstation 
to  process  the  material.  A  further  review  of  the  Resource  States  graph  also  shows  quit  a  bit  of  idle  time  for 
the  T  -  Welding  Crew  and  Cranes  (resources  which  handle  the  products  from  the  roller  tables).  These 
resources,  therefore,  would  be  able  to  handle  additional  work  from  the  roller  tables  if  the  throughput  is 
increased  due  to  additional  manpower.  Based  on  the  high  percentage  of  wait  time  for  resources  in  the  roller 
table  area,  and  the  ability  of  the  downstream  resources  to  handle  the  additional  throughput,  increasing  the 
manning  level  for  the  roller  tables  seems  to  be  the  better  of  the  two  options. 

The  high  idle  times  in  the  T-Beam  Area  (Production  Table  1 0),  Flatbar  Area,  and  their  associated  resources 
suggest  that  additional  work  could  be  processed  in  these  areas.  Manning  could  also  be  increased  since 
Table  8.1-1  shows  that  the  manning  is  below  the  9  position  constraint  in  these  areas.  To  determine  the 
effects  of  additional  manpower  and  material  input  in  the  Roller  Table,  T-Beam  (Production  Table  10),  and 
Flatbar  Workstations  a  “high  output”  model  was  created. 


8.1.2  Analysis  of  The  “High  Output”  Model 

To  see  the  effects  of  adding  manpower  and  material  input  to  the  system  the  “high  output”  model  was 
created  in  two  stages.  First,  the  manpower  was  increased  to  the  maximum  number  of  people  the  area  could 
accommodate  based  on  the  number  of  individual  positions  at  the  workstation.  Second,  the  amount  of  raw 
stock  material  entering  the  storage  area  at  the  beginning  of  the  process  was  increased.  Controlling  the 
input  of  material  into  the  storage  area  was  used  to  starve  or  flood  the  system  with  raw  stock  in  order  to 
bring  the  throughputs  and  resource/location  usage  in  line  with  utilization  limits  and  realistic  output  data. 
The  changes  had  no  effect  on  the  identification  of  bottlenecks  or  constraints  in  the  system  because  the 
changes  where  made  at  the  head  of  the  process. 

Increase  in  Manpower 

The  results  of  increasing  the  manpower  at  all  of  the  workstations  is  shown  in  Table  8.1-2. 
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Manning 

Profile  Layout  Crew 

20 

Profile  Burn  Crew 

20 

T-Beam  Fit  Crew 

9 

Flatbar  Layout  Crew 

9 

Flatbar  Burn  Crew 

9 

T-Beam  Weld  Crew 

9 

T-Beam  Paint  Crew 

9 

Carrier  Block  Arrivals  Per  8  Hours  | 

Profiles 

2 

Flatbar 

1 

T-Beams 

1 

[Throughput  (1  Month) 

Bmmaaaa— 

1577 

Raw  Stock  Profiles  Processed 

1566 

Profile  Pieces  Produced 

6232 

Raw  Stock  Flatbar 

688 

Raw  Stock  Flatbar  Processed 

688 

Flatbar  Pieces  Produced 

4174 

Raw  Stock  T-Beams 

298 

Raw  Stock  T-Beams  Processed 

291 

T-Beam  Pieces  Produced 

372 

Table  8.1-2:  “High  Output”  Model  Inputs  and  Throughput  for 
“Increased  Manpower”  Condition 


The  Resource  and  Location  States  are  shown  in  Graph  8.1-2.  The  detailed  statistics  for  the  “High  Output  - 
Increased  Manpower”  condition  are  shown  in  Appendix  E. 


Resource  States 


Single  Capacity  Location  States 


Graph  8.1-2:  “High  Output  -  Increased  Manpower”  Model 
Resource  and  Location  States 

The  throughput  increased  dramatically  by  adding  people  to  the  model,  which  is  not  unexpected.  With  the 
addition  of  people,  more  work  is  being  processed  in  the  same  amount  of  time. 

A  review  of  the  Resource  States  shows  that  the  usage  of  all  of  the  resources  (with  the  exception  of  the 
cranes)  has  been  reduced  compared  to  the  performance  of  the  “Baseline  Condition”  because  the  additional 
throughput  of  the  system  starves  the  storage  area  of  raw  input  material.  When  this  happens,  no  material  is 
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being  fed  into  the  system  and  the  resources  and  locations  are  idle.  In  addition,  the  amount  of  work  is 
spread  over  more  people  so  that  the  average  utilization  per  person  is  lower.  The  idle  time  suggests  that  the 
system  can  handle  a  farther  increase  in  material  input  into  the  storage  area,  thus  increasing  the  amount  of 
raw  material  available  as  input  to  the  system. 

The  graph  of  the  Single  Capacity  Location  States  also  shows  a  large  amount  of  idle  time  for  all  the 
locations  except  the  Roller  Table  Position.  The  85%  usage  in  this  area  is  due  to  a  couple  of  factors.  First, 
there  is  a  greater  number  of  profiles  entering  the  system  than  T-Beams  or  flatbars  (2  carrier  blocks  of 
profiles  vs.  1  carrier  block  of  T-Beams  or  flatbar,  see  Table  8.1-2).  In  addition,  the  Roller  Table  Area  is 
used  to  process  both  profiles  and  T-Beams.  Once  processed,  the  profiles  leave  the  system  and  the  T-Beams 
are  routed  to  Production  Table  10  for  further  processing.  This  causes  the  Roller  Table  Workstation  to  have 
a  higher  volume  of  work  than  Production  Table  10,  Flatbar  Area,  Shear,  Bevel  Station,  Deburr  Station,  or 
the  Ironworker  which  handle  a  smaller  batch  of  a  single  product  type.  Second,  two  functions  are  being 
performed  in  the  Roller  Table  Workstation  -  layout  and  burning.  Since  the  manning  level  is  high  enough 
to  provide  manpower  when  needed,  the  burning  operations  are  able  to  begin  immediately  after  the 
completion  of  the  layout  process.  Therefore,  the  utilization  of  the  Roller  Table  Positions  equals  the 
addition  of  the  utilizations  of  the  Profile  Layout  and  Burning  Crews.  In  fact,  because  of  the  high  manning 
level  this  additive  effect  of  the  utilizations  also  occurs  in  the  Flatbar  Area  and  Production  Table  10 
(FLayout  Crew  +  FBum  Crew  =  Flatbar  Area  Position  4  and  TFitting  Crew  +  TWelding  Crew  +  TPaint 
Crew  =  Table  10  Position  6). 

The  usage  of  all  of  the  workstations  in  the  Single  Capacity  Location  States  has  increased  with  the 
additional  manpower  (with  the  exception  of  the  Ironworker  station  and  the  shear  which  had  no  increase  in 
manning).  There  is  some  wait  time  for  the  workstations,  however,  the  time  for  each  workstation  is 
relatively  low  and  was  not  considered  a  constraint  to  the  operations  at  this  point.  Although  the  usage  times 
for  the  locations  has  increased  there  is  still  quite  a  bit  of  idle  time  for  Production  Table  10,  Flatbar  Area, 
Shear,  Ironworker,  Bevel  Station,  and  Deburr  Station.  Therefore,  the  system  is  able  to  handle  an  increase 
in  the  amount  of  raw  flatbar  and  T-Beams  entering  the  storage  area,  which  once  again,  increases  the 
amount  of  raw  stock  input  to  the  system. 

Increase  in  Material  to  the  Storage  Area 

The  effects  of  increasing  the  amount  of  raw  stock  entering  the  Storage  Area  are  shown  in  Table  8.1-3. 


Manning 

Profile  Layout  Crew 

20 

Profile  Burn  Crew 

20 

T-Beam  Fit  Crew 

9 

Flatbar  Layout  Crew 

9 

Flatbar  Burn  Crew 

9 

T-Beam  Weld  Crew 

9 

T-Beam  Paint  Crew 

9 

|Carrier  Block  Arrivals  Per  8  Hours  | 

Profiles 

2 

Flatbar 

6 

T-Beams 

4 

Throughput  (1  Month) 

Raw  Stock  Profiles 

984 

Raw  Stock  Profiles  Processed 

981 

Profile  Pieces  Produced 

4074 

Raw  Stock  Flatbar 

2426 

Raw  Stock  Flatbar  Processed 

2417 

Flatbar  Pieces  Produced 

19905 

Raw  Stock  T-Beams 

757 

Raw  Stock  T-Beams  Processed 

741 

T-Beam  Pieces  Produced 

990 

Table  8.1-3:  “High  Output”  Model  Inputs  and  Throughput  for 
Increased  Manning  and  Material  Condition 

The  Resource  and  Location  States  are  shown  in  Graph  8.1-3.  The  detailed  statistics  for  the  “High  Output  - 
Increased  Manning  and  Material”  condition  are  included  in  Appendix  E. 
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Resource  States 


Name 

PLayoutCrew 

PBurnCrew 

TFittingCrew 

TWeldingCrew 

TPaintCrew 

FLayoutCrew 

FBurnCrew 

Carrier 

Crane_600 

Crane  590 


Single  Capacity  Location  States 

Operation  I  Setup  I  Idle  I  Waiting 


Blocked  I  Down 


Name 

Roller_Table_Position_8 

TablelO_Position_6 

Flatbar_Area_Position_4 

Shear 

XronNorker 
BevelStation 
DeburrS  tat ion 


100% 


Graph  8.1-3:  “High  Output  -  Increased  Manning  and  Material”  Model 
Resource  and  Location  States 


Since  Production  Table  10  (where  brackets  and  outfitting  are  added  to  cut  T-Beams  from  the  roller  tables) 
has  a  large  amount  of  idle  time  in  the  “increased  manning”  model,  the  decision  was  made  to  increase  the 
amount  of  T-Beam  raw  stock  which  entered  the  system  and  keep  the  amount  of  profiles  entering  the  system 
the  same  as  in  the  “baseline”  model.  Only  one  of  the  two  could  be  increased  because  both  the  profiles  and 
T-Beams  are  cut  on  the  roller  tables.  The  increase  in  T-Beam  raw  stock  creates  a  decrease  in  the  profile 
throughput  in  the  system.  This  accounts  for  the  changes  in  the  Profile  and  T-Beam  throughput  numbers 
seen  in  Table  8.1-3.  The  amount  of  flatbar  raw  stock  entering  the  system  was  also  increased  which  resulted 
in  an  increase  in  the  throughput  of  flatbars  in  the  system.  Although  the  throughput  of  the  system  has  been 
maximized,  the  Resource  and  Location  States  show  that  the  system  is  not  running  at  its  most  efficient  level. 
Many  of  the  resources  are  in  use  less  than  30%  of  the  time  while  the  locations  are  operating  above  the  75% 
to  85%  limit.  This  implies  that  the  manning  level  is  too  high.  In  order  to  observe  the  effects  of  reducing 
manpower  to  increase  the  efficiency  of  the  system  the  “most  likely  operation  condition”  model  was 
created. 


8.1.3  Analysis  of  The  “Most  Likely  Operating  Condition”  Model 

Although  the  “high  output”  model  may  produce  the  highest  throughput  for  the  system,  it  may  not  be  the 
most  efficient  means  to  provide  that  throughput.  Typically,  a  process  should  be  ran  at  a  level  which 
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produces  a  reasonably  high  throughput  while  utilizing  the  resources  at  their  highest  possible  efficiency. 
This  “most  likely  operating  condition”  model  was  created  by  using  the  manning  and  material  arrival  rate 
from  the  “high  output”  model  and  decreasing  the  manpower  until  each  resource  group  is  operating  at  its 
most  efficient  level.  After  stepping  down  the  resources  and  monitoring  the  output,  the  final  results  for  the 
“most  likely  operating  condition”  model  are  shown  in  Table  8.1-4. 


|Carrier  Block  Arrivals  Per  8  Hours  | 

Profiles 

2 

Flatbar 

6 

T-Beams 

4 

[Manning 

HMajEaSEEM 

7 

Profile  Burn  Crew 

17 

T-Beam  Fit  Crew 

3 

6 

Flatbar  Burn  Crew 

3 

T-Beam  Weld  Crew 

3 

T-Beam  Paint  Crew 

2 

Throughput  (1  Month) 

Raw  Stock  Profiles 

1036 

Raw  Stock  Profiles  Processed 

1028 

Profile  Pieces  Produced 

3779 

Raw  Stock  Flatbar 

2019 

Raw  Stock  Flatbar  Processed 

2010 

Flatbar  Pieces  Produced 

19813 

Raw  Stock  T-Beams 

788 

Raw  Stock  T-Beams  Processed 

776 

T-Beam  Pieces  Produced 

977 

Table  8.1-4:  “Most  Likely  Operating  Condition”  Model  Inputs  and  Throughput 

Although  there  was  a  decrease  in  the  manning  for  the  Profile  and  T-Beam  areas,  the  input  raw  material 
being  handled  by  the  system  in  these  areas  increased  by  about  5%.  This,  at  first,  seems  contrary  to  what  is 
expected.  The  increase  in  raw  material  into  the  system  may  be  due  to  the  fact  that  the  lower  number  of 
people  in  the  system  creates  a  better  loading  situation  for  the  workstations.  The  timing  due  to  the 
manpower  level  allows  for  more  opportunities  for  the  crane  to  load  additional  work  onto  the  tables. 

The  number  of  profile  pieces  produced  dropped  by  8%.  The  reduced  amount  of  pieces  produced  is 
probably  due  to  a  combination  of  reduced  manpower  and  the  statistical  nature  of  how  the  model  determines 
the  number  of  profiles  cut  from  each  raw  stock.  The  calculation  is  done  using  stochastic  data.  Therefore, 
the  number  will  not  be  exactly  the  same  for  each  run,  but  it  should  be  within  the  defined  range  based  on  the 
data.  In  any  event,  these  differences  are  less  than  10%.  Realizing  that  the  simulation  models  are  only  a 
representation  of  the  actual  process,  it  can  be  said  that  these  two  sets  of  numbers  are  reasonably  the  same  to 
those  from  the  “high  output”  model,  and  that  this  is  a  fair  representation  for  the  throughput  of  the  system. 

The  changes  in  the  flatbar  area  resulted  in  effects  which  seem  much  more  in  line  with  what  happens  when 
you  reduce  manpower  in  an  area.  The  amount  of  input  raw  material  into  the  system  dropped  by  20%  while 
the  number  of  pieces  produced  remained  about  the  same  as  in  the  “high  output”  model  (once  again, 
probably  due  to  the  stochastic  data).  Graph  8.1-4  indicates  that  there  is  a  greater  usage  of  the  Flatbar 
Layout  and  Bum  Crew,  as  well  as,  an  increase  in  the  utilization  of  the  Flatbar  Tables  and  Ironworker  Area. 
This  accounts  for  the  lower  material  input.  The  work  areas  are  too  full  to  add  the  additional  material. 

These  numbers,  once  again,  are  reasonable  to  use  for  comparisons. 

The  Resource  and  Location  States  graphs  show  a  much  better  overall  usage  of  the  resources  and  locations. 
All  of  which  is  within  the  75%  to  85%  limits.  The  detailed  performance  statistics  for  the  “most  likely 
operating  condition”  model  are  included  in  Appendix  E. 


Resource  States 


Single  Capacity  Location  States 


Name 

Roller_Table_Position_8 
TablelO  Position  6 
Flatbar_Area_Position_4 

Shear 

Ironworker 
BevelS tation 
DeburrS  tation 


Graph  8.1-4:  “Most  Likely  Operating  Condition”  Model  Resource  and  Location  States 

8.1.4  Determining  Constraints  and  Bottlenecks  in  the  Profile  Fabrication  Area 

Using  the  “most  likely  operating  condition”  model,  the  bottlenecks  and  constraints  in  the  system  are 
determined.  The  Profile  Area  model  has  only  a  few  locations  which  could  be  potential  bottlenecks  by 
restraining  material  input  into  the  next  workstation  where  additional  processing  is  to  be  done.  T-Beams, 
which  are  cut  on  the  roller  tables,  are  also  sent  to  Table  10  for  additional  processing.  Some  flatbars  are 
sent  from  the  Flatbar  Area  to  the  Ironworker  for  beveling,  deburring,  and  further  processing.  Both  the 
Roller  Table  and  the  Flatbar  Areas  have  utilizations  which  are  lower  than  the  downstream  destination  for 
their  products.  Therefore,  they  are  not  bottlenecks  to  the  system.  All  of  the  workstations  have  high 
utilizations,  however,  and  limit  additional  throughput  of  material  into  the  system.  The  constraints  in  this 
model  are  the  amount  of  manpower  and  the  space  available  for  manufacturing. 

The  use  of  automation  to  eliminate  these  constraints  will  be  investigated  in  Phase  II.  Preliminary  research 
has  indicated  that  the  use  of  a  robotic  profile  cutter  in  place  of  the  Roller  Table  Workstation  and  Flatbar 
Area  may  be  a  likely  option.  The  profile  cutter  would  provide  a  high  throughput  in  less  space  than  what  is 
currently  being  devoted  to  profile  and  flatbar  processing.  In  addition,  the  manning  for  the  area  would  be 
reduced  from  thirty-three  people  in  the  “most  likely  operating  condition”  model  to  three  or  four  needed  to 
run  the  profile  cutter.  The  effect  that  the  robotic  profile  cutter  would  have  on  the  support  equipment 
(cranes,  forktrucks,  etc.)  and  the  storage  areas  will  also  be  modeled  in  the  next  phase  of  the  project. 

8.2  Analysis  of  the  Panel  Line  Model 

The  work  done  on  the  Panel  Line  is  detailed  in  Section  5.2.8.  The  Panel  Line  model  is  based  on  a  five 
plate  deck  panel  with  longitudinals,  webs,  and  deck  sockets.  This  is  the  average  type  of  panel  which  is  run 
down  the  line.  Plates  are  loaded  onto  the  line  by  transfer  car  and  moved  to  each  individual  station  by  drive 
rollers.  The  panels  are  removed  from  the  line  by  one  of  the  yard’s  gantry  cranes.  The  plates,  stiffeners, 
webs,  and  deck  socket  bowls  are  replenished  in  the  system  as  they  are  consumed  so  there  is  no  delay  in  the 
arrival  of  material.  The  process  times  for  each  workstation  are  based  on  the  actual  average  station  time  for 
a  five  panel  deck  plate.  Because  the  deck  sockets  are  able  to  be  fitted  and  welded  in  the  first  three  stations, 
they  are  not  considered  a  constraint  to  the  line  move.  Therefore,  they  are  not  being  modeled  in  the  Panel 
Line  model  used  for  this  Phase  of  the  project. 

A  process  similar  to  the  one  used  to  analyze  the  Profile  Fabrication  Area  was  used  to  analyze  the  Panel 
Line  models,  however,  only  two  variations  of  the  model  were  created  : 

•  A  “high  output”  model 

•  A  “most  likely  operating  condition”  model 
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The  model  for  the  Panel  Line  was  created  using  data  from  a  previous  Panel  Line  study.  This  study  detailed 
the  theoretical  maximum  throughput  of  the  system  using  current  process  times  and  manning  levels  for  a 
five  plate  deck  panel.  The  throughput  of  the  actual  line  is  lower  due  to  inefficiencies  in  the  process  which 
were  factored  out  of  the  theoretical  “maximum,”  and  the  use  of  the  line  for  doing  work  other  than  five  plate 
panels.  In  addition,  input  material  such  as  plates,  webs,  stiffeners,  etc.  are  replenished  in  the  modeled 
system  as  soon  as  it  is  consumed.  There  is  no  wait  time  for  the  material  unless  it  is  specified  by  the 
modeler  (which  will  be  done  to  create  the  most  likely  operating  condition  model).  Because  of  these  three 
factors  the  starting  point  for  the  Panel  Line  model  is  actually  a  “high  output”  model  rather  than  a 
“baseline”  model. 


8.2.1  Analysis  of  the  “High  Output”  Model  for  the  Panel  Line 

Using  the  manning  level  and  process  times  specified  in  the  report  the  performance 
determined  by  the  model  and  is  shown  in  Table  8.2-1. 


Manning 

Dk  Socket  Fitters 

2 

Dk  Socket  Welders 

4 

Stiffener  Fitters 

4 

Web  Fitters 

6 

Web  Welders  (Sta  9) 

8 

Web  Welders  (Sta  10) 

8 

0 

Performance  (1  Month) 

Number  of  Panels  Completed 

60 

Number  of  Panels  Per  8  Hour  S 

hift 

1.30 

Panel  WIP 

7 

Table  8.2-1:  “High  Output”  Model  Inputs  and  Performanc 


Although  there  are  process  times  and  a  manning  level  at  every  station  along  the  liiji 
Table  8.2-1  are  the  ones  which  are  flexible  according  to  the  report.  Other  stations 
process  times  which  remain  constant  and  cannot  be  changed  due  to  equipment  and 
These  categories  are  “hard- wired”  into  the  model.  The  output  for  one  month,  sho 
equal  to  the  theoretical  throughput  documented  in  the  report.  This  is  a  good  valida 


The  Resource  and  Location  States  for  the  “high  output”  model  are  shown  in  Graph  8.2-1.  Some  of  the 
stations  and  resources  have  been  left  out  of  the  graph  for  clarity.  The  detailed  performance  statistics  for  the 
“High  Output”  model  are  included  in  Appendix  E. 


for  one  month  was 


e,  the  categories  listed  in 
have  manning  levels  and 
space  limitations. 

\|vn  in  Table  8.2-1,  is 
tion  test  for  the  model. 


Resource  States 


Name 

crane500 

S tai_Plate_Fi t ter s 

Sta3_OSW_Operator 

S  ta  4_Lay ou  t_Per  a  o  n 

Sta5_Stiffener_Fitter 

S ta 6_Dar tXV_Oper a tor 

Sta7_Web_Fitter 

Sta9_Welder 

StalO_Welder 

forktruck 

One_S ide d_We 1 de r 

PL415_Stiffener_Preas 

DartIV_Welder 

Spider_Gantry_Nol 

Spider_Gantry_No2 

Transfer  car 
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Operation 


Name 

Sta3_One_Si.ded_Weldi.ng 
S  ta4_Manual_Layout 
S  ta5_S  tiff ener_Fi tting 
Sta6_Stiffener_Welding 
Sta7_Web_Fxtting_l 
Sta8_Web_Fitting_2 
Sta9_Weld_Out_l 
StalO  Weld  Out  2 


Single  Capacity  Location  States 


Down 


100% 


Graph  8.2-1:  “High  Output”  Model  Resource  and  Location  States 
Three  of  the  resources  are  above  the  75%  to  85%  usage  limit. 

•  Station  3  One-Sided  Welding  operator  (100%) 

•  Station  7  Web  Fitters  (94%) 

•  One  -  Sided  Welding  machine  (100%) 

In  addition,  the  Location  States  graph  shows  that  the  One-Sided  Welding  location  is  also  in  operation 
100%  of  the  time.  These  usages  need  to  be  lowered  to  within  the  75%  to  85%  limit.  This  will  be  done  for 
the  creation  of  the  “most  likely  operating  condition”  model. 


8.2.2  Analysis  of  “Most  Likely  Operating  Condition”  Model 

In  order  to  reduce  the  utilization  of  the  Station  3  One-Sided  Welder  to  the  75%  limit  each  plate  was  held  on 
the  transfer  car  for  a  period  of  time.  This  starved  the  line  so  that  the  panel  which  was  being  seamed  could 
be  completed  and  moved  out  of  Station  3  before  the  panel  behind  it  was  ready  to  move.  Holding  each  plate 
on  the  transfer  car  created  some  idle  time  in  Station  3  to  account  for  the  PF  &  D  not  included  in  the  shift 
assignment.  Creating  idle  time  by  holding  each  plate  on  the  transfer  car  is  something  which  would  never 
be  done  in  the  current  real-life  process.  It  can  be  done,  however,  in  the  simulation  model  as  long  as  the 
effects  of  creating  the  holdup  are  understood.  Because  the  holdup  is  at  the  head  of  the  line  all  of  the 
Stations  are  affected  the  same  and  the  bottlenecks  and  constraints  created  relative  to  each  other  without  the 
holdup  will  be  the  same  as  those  with  the  holdup.  The  model  inputs  for  the  “most  likely  operating 
condition”  model  and  the  resulting  output  are  shown  in  Table  8.2-2. 


Manning 

Dk  Socket  Fitters 

2 

Dk  Socket  Welders 

4 

Stiffener  Fitters 

4 

Web  Fitters 

6 

8 

Web  Welders  (Sta  10) 

8 

Hold  Time  at  Trans  Car 

40 

Performance  (1  Month) 

Number  of  Panels  Completed 

46 

Number  of  Panels  Per  8  Hour  Shift 

1.00 

Panel  WIP 

4 

Table  8.2-2:  “Most  Likely  Operating  Condition”  Model  Inputs  and  Performance 
With  a  hold  time  on  the  transfer  car  of  40  minutes  per  plate,  the  number  panels  produced  per  shift  dropped 
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to  1.00.  This  number  is  close  to  the  average  number  of  panels  per  shift  which  is  currently  being  produced 
today.  As  seen  in  the  Resource  and  Location  States  Graph  8.2-2  (The  detailed  statistics  are  shown  in 
Appendix  E.),  the  Station  3  One-Sided  Welding  Area  now  has  a  76%  utilization.  This  accounts  for  the  PF 
&  D.  The  resources  also  have  reasonable  utilizations  with  all  of  the  usages  below  75%. 


Resource  States 


In  Use 


Travel  To  Use 


Name 

crane500 

Stal_Plate_Fitters 

Sta3_OSW_Operator 

Sta4_Layout_Person 

Sta5_Stif£ener_Fitter 

S  ta6_Dar tIV_Operator 

Sta7_Web_Fitter 

Sta9_Welder 

StalO_Welder 

One_Sided_Welder 

PL415_Stiffener_Press 

DartIV_Welder 

Spider_Gantry_Nol 

Spi.der_Gantry_No2 

Transfer  car 


Single  Capacity  Location  States 


Name 

Sta3_One_Sided_Welding 
S  ta4_Manual_Layout 
Sta5_Sti.ffener_Fitting 
Sta6_Stiffener_Welding 
S  ta  7_Web_Fi t ting_l 
S  ta8_Web_Fi tting_2 
Sta9_WeXd_Out_l 
StalO  Weld  Out  2 


100% 


Graph  8.2-2:  “Most  Likely  Operating  Condition”  Model  Resource  and  Location  States 
8.2.3  Determining  Constraints  and  Bottlenecks  in  the  Panel  Line 

Using  a  hold  time  of  40  minutes  per  panel  results  in  one  panel  being  produced  per  shift.  The  output,  once 
again,  helps  to  validate  the  model  since  this  is  comparable  to  the  current  output  of  the  line.  Using  the 
Resource  and  Single  Capacity  Location  States  graphs,  the  bottlenecks  are  identified  as: 
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•  Station  3  One-Sided  Welding  operations  (76%) 

•  Station  5  Stiffener  Fitting  operations  (65%) 

•  Station  9  and  10  Weldout  operations  (65%) 

Automation  is  being  considered  to  eliminate  the  bottlenecks  caused  by  the  Station  5  Stiffener  Fitting 
operations  and  the  Station  9  and  10  Weldout  operations.  A  robotic  stiffener  fitting  station  is  being 
proposed  as  a  replacement  for  the  current  fitting  operations  in  Station  5.  The  robot  removes  sequenced 
stiffeners  from  a  cassette,  positions  them  on  the  panel,  and  tack  welds  them  into  place.  Robots  will  be 
utilized  in  Station  9  and  10  to  perform  the  weldout  of  the  panel  webs.  The  automation  in  both  areas  will 
provide  the  advantages  of  a  higher  throughput  rate  and  lower  manning.  The  one-sided  welding  done  in 
Station  3  is  currently  a  fairly  automated  process  so  not  much  can  be  done  in  the  way  of  adding  automation 
to  eliminate  the  bottleneck.  Therefore,  the  bottleneck  will  have  to  be  eliminated  by  making  changes  to  the 
one-sided  welding  machine  and  seaming  process  to  increase  the  throughput  of  the  area.  The  effects  of 
changes  to  the  one-sided  welding  operations  and  the  introduction  of  robotics  will  be  investigated  in  Phase 
II. 


9.0  NEXT  STEP  -  PHASE  II 

Once  the  analysis  is  complete  for  all  eight  sub-modules,  the  overall  model  will  be  validated  and  its  output 
analyzed.  Phase  II  will  begin  at  this  point  with  the  development  of  ‘To-Be’  models  which  incorporate 
automation  into  the  ‘As-Is’  models.  The  automation  will  be  introduced  in  areas  which  constrain  the  flow 
of  material  and  are  suitable  for  automation.  In  order  to  accurately  model  the  automated  processes  some 
benchmarking  trips  will  have  to  be  made  to  yards  with  a  high  degree  of  automation.  The  trips  will  be  used 
to  research  process  times  and  throughputs  for  automated  processes  such  as  robotic  profile  cutting  and 
robotic  welding  systems  which  will  then  be  used  in  the  ‘To-Be’  models.  Once  the  ‘To-Be’  models  are 
verified  and  validated,  they  will  be  analyzed  for  their  performance  and  compared  to  the  modeled 
performance  of  the  ‘As-Is’  simulation  models.  Comparisons  will  not  only  be  made  on  throughput  and 
efficiency,  but  also  return  on  investment.  In  addition,  the  ‘To-Be’  models  will  be  compared  to  the 
benchmark  information  gathered  from  other  yards  to  measure  their  performance  to  current  “world  class” 
shipbuilding  standards. 


10.0  CONCLUSIONS 

The  importance  of  proper  planning  cannot  be  emphasized  enough  when  conducting  a  simulation  project. 
Much  of  the  success  in  this  project  can  be  attributed  to  the  planning  work  which  was  done  beforehand.  For 
example,  the  NASSCO  Project  Team  has  had  great  success  in  their  use  of  ProModel.  The  software  has 
proved  to  be  very  compatible  with  the  objectives  of  the  project  and  the  skills  of  the  project  team.  This 
success  is  due  to  the  preparation  which  was  done  in  researching  the  different  simulation  software  packages 
and  the  development  of  project  objectives. 

Formulating  clear  project  objectives  is  also  important.  The  first  reaction  when  beginning  a  simulation 
project  is  to  try  to  model  everything  that  happens  in  the  process  exactly  as  it  occurs  in  real  life.  Trying  to 
model  a  real  life  process  in  exact  detail  will  risk  the  failure  of  the  project.  There  is  too  much  detail 
involved.  The  fault  lies  not  with  the  computer  (with  the  exception  of  large  models  which  use  up  too  much 
memory),  but  with  the  modeler.  The  computer  merely  utilizes  the  instructions  set  up  by  the  modeler.  The 
more  detailed  the  instructions;  the  closer  the  simulation  mimics  real-life.  The  modeler,  however,  must 
study,  understand,  and  translate  into  a  programming  language,  all  of  the  steps  which  are  involved  in  the 
process.  This  can  become  a  very  time  consuming,  complicated  task  resulting  in  budget  and  schedule 
overruns.  Creating  clear  objectives  at  the  start  of  the  project  helps  to  define  the  scope  of  the  project  and 
allows  the  modeler  to  make  assumptions  and  decisions  as  to  what  should  or  should  not  be  included  in  the 
model.  It  also  helps  to  keep  the  project  team  focused  when  too  much  detail  threatens  to  sidetrack  the 
project. 

It  is  highly  recommended  that  a  project  team  who  is  creating  a  simulation  model  for  the  first  time  use  the 
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services  of  a  consultant  to  build  the  model.  Compared  to  the  other  steps  in  the  simulation  process 
(planning,  defining  the  model,  analyzing  the  output,  etc.)  the  actual  building  of  the  models  in  the  computer 
should  take  the  least  amount  of  time.  NASSCO’s  subcontractor  to  build  the  models,  Kiran  and  Associates, 
was  able  to  complete  even  the  most  complicated  of  the  project’s  models  in  a  matter  of  weeks  as  opposed  to 
the  months  it  would  have  taken  for  the  project  team  to  learn  the  software,  understand  how  to  go  about 
setting  up  the  models,  and  take  advantage  of  the  learning  curve.  In  addition,  Kiran  and  Associates  was  able 
to  give  recommendations  as  to  what  data  should  be  collected  in  order  to  build  a  model  which  would  meet 
the  objectives  of  the  project.  This  narrowed  the  focus  of  the  project  team’s  studies.  If  possible,  the 
consultant  should  be  on  site  or  within  driving  distance  of  the  project  location.  Because  of  the  nature  of  the 
work,  it  is  much  easier  to  conduct  project  meetings  in  person  rather  than  over  the  phone  or  via  the  Internet. 
Frequently,  in-person  demonstrations  of  the  computer  model  are  needed  to  understand  the  frame  of 
reference  of  both  the  modeler  and  project  team.  Since  the  validation  of  a  model  is  a  continuous  process 
and  corrections  have  a  quick  turnaround  time,  these  meetings  will  happen  more  often  than  just  the 
beginning,  middle,  and  end  of  the  project.  The  modeler  should  also  have  a  visual  understanding  of  the 
process  which  is  going  to  be  modeled,  so  visits  to  the  process  location  are  a  must.  All  of  this  is  more 
convenient  if  the  consultant  is  nearby. 

Computer  simulation  has  proven  to  be  a  valuable  tool  in  this  project.  The  processes  which  were  modeled 
are  large  with  many  interactions  and  variables.  These  factors  plus  the  randomness  that  occurs  in  the 
process  makes  it  difficult  to  use  other  techniques,  such  as  average  times  and  a  spreadsheet,  to  accurately 
gain  insight  into  the  process.  Dealing  with  these  factors  is  the  main  advantage  of  computer  simulation. 

The  modeler  is  able  to  set  up  large  systems  with  many  decision  points,  interactions,  and  variables  and  then 
allow  the  computer  to  keep  track  of  what  is  going  on  during  the  process.  The  speed  at  which  this  is  done 
by  the  computer  is  also  beneficial  to  the  project  team.  For  example,  the  focus  of  this  project  is  to  take  a 
group  of  existing  processes,  optimize  them,  and  then  compare  them  to  optimized  conceptual  processes. 
Once  the  processes  are  modeled,  years  worth  of  production  runs  can  be  done  in  a  matter  of  minutes,  and 
each  run  can  include  changes  which  alter  the  entire  system.  This  helps  the  modeler  optimize  the  model  in  a 
short  period  of  time.  The  conceptual  models  can  be  created,  viewed,  and  analyzed  to  investigate  whether 
improvements  will  be  made  by  changing  the  process.  All  of  this  can  be  done  before  making  costly 
investments  in  capital  or  disrupting  production  to  make  changes  in  the  manufacturing  process. 

Although  computer  simulation  has  proven  to  be  a  valuable  tool  in  this  project  with  an  endless  list  of 
possibilities  in  other  shipyard  applications,  it  should  not  be  viewed  as  the  ultimate  “decision  making  tool.” 
Since  a  simulation  model  is  only  a  representation  of  the  process  being  modeled,  and  it  is  impossible  to 
develop  the  model  in  enough  detail  to  take  into  account  all  of  the  possible  outcomes,  it  should  be  viewed  as 
one  of  several  tools  to  be  used  in  the  decision  making  process.  The  role  of  computer  simulation  in  this 
function  can  be  successfully  performed  with  proper  planning  and  project  team  training,  and  will  definitely 
aid  American  shipbuilders  in  their  effort  to  produce  a  more  cost  competitive  ship. 
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1.0 


INTRODUCTION 


1.1  Background 

US  Shipbuilders  are  currently  addressing  the  substantial  gap  in  competitiveness  between  International  and  US 
yards.  One  area  of  potential  improvement  is  the  application  of  automated  processes  in  steel  fabrication  and 
assembly.  National  Steel  and  Shipbuilding  Company  (NASSCO)  is  undertaking  a  project  to  develop  a  standard 
methodology  for  identifying  potential  areas  for  automation  and  assessing  the  effect  prior  to  implementation.  The 
core  of  the  approach  is  a  simulation  model  whose  functionality  and  method  of  construction  is  explained  in  this 
document. 

1.2  General 

The  simulation  project  will  have  five  stages: 

•  simulation  specification, 

•  data  collection, 

•  model  formulation, 

•  model  verification  and  validation, 

•  experiments  and  analysis. 

The  model  will  be  formulated  using  a  PC  based  simulation  tool.  This  simulation  specification  is  the  first  stage  of 
the  project.  The  main  body  of  the  document  defines: 

•  project  scope  and  boundaries, 

•  general  description  of  the  area  to  be  modeled, 

•  model  fundamentals  and  form, 

•  model  functionality, 

•  outputs  and  inputs, 

•  project  method, 

•  deliverables, 

•  model  testing  and  validation. 
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2.0  PROJECT  OBJECTIVES 

2.1  Overall  objective 

The  overall  project  objective  is  to  develop  a  method  of  determining  which  specific  processes,  in  the  area  of  steel 
fabrication  and  sub-assembly,  are  likely  candidates  for  an  upgrade  to  an  automated  system,  and  to  what  degree. 
To  be  classified  as  a  “likely  candidate”,  the  conversion  to  an  automated  system  must  reduce  production  time  and 
produce  a  positive  return  on  the  investment  dollar.  A  computer  simulation  program  will  be  utilized  to  examine 
what  degree  of  automation  will  be  most  beneficial  to  the  shipyard.  All  information  will  then  be  gathered  into  a 
fixed  set  of  criteria  for  the  analysis  and  review  of  the  future  automated  process  implementation. 

Operations  at  NASSCO  are  divided  amongst  several  Stages  of  Construction  (SOC).  A  given  operation  will 
belong  to  one  of  the  SOC  levels  as  defined  below: 

SOC  1  Fabrication 
SOC  2  Subassembly 
SOC  3  Block  Assembly 
SOC  4  Unit  Assembly 
SOC  5  On  Block 
SOC  6  On  Board 
SOC  7  Test  and  Trials 

The  simulation  model  will  focus  on  NASSCO’s  current  fabrication  (SOC  1)  and  subassembly  (SOC  2)  areas  as  a 
test  bed  to  develop  this  methodology.  The  simulation  model  will  be  used  to: 

•  simulate  current  performance  of  these  areas, 

•  identify  production  operations  that  currently  constrain  the  overall  throughput, 

•  perform  “what  if’  scenarios  with  the  insertion  of  automated  processes  to  replace  existing  processes  which 
have  been  identified  as  constraining  the  throughput  and  to  determine  the  effect  on  performance. 

Recent  facility  developments,  (i.e.  T-beam  process  lane),  changing  from  a  manual  process  to  an  automated 
process  will  be  used  as  a  case  study  which  will  examine  the  “as  was”  and  “as  is”  processes  to  assess  the 
effectiveness  of  the  simulation  approach. 

The  scope  of  the  project  described  here  satisfies  all  the  analytical  requirements  of  the  project. 

2.2  Requirements  of  the  model 

Each  operation  in  the  manufacturing  process  will  be  modeled  as  a  logical  object  in  isolation.  Systems  will  be 
modeled  by  aggregating  these  objects.  Operations  will  run  with  dependency  on  the  input  conditions,  resource 
allocations  and  constraints  such  as  sequences,  schedules  and  buffers  sizes  which  will  be  largely  inherent  in  the 
model  logic. 
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The  simulation  model  will  be  capable  of  the  following: 


•  calculating  and  displaying  the  results  of  changes  to  the  model  conditions  on  each  of  the  objects  and  on  the 
overall  performance  of  the  entire  model, 

•  accepting  new  and  additional  performance  metrics  for  any  process  as  the  drivers  for  performance  of  the 
objects  and  the  rest  of  the  model, 

•  providing  comparative  results  data,  in  tabular  and  graphical  form  to  allow  comparison  of  “as  is”  and 
“candidate  automation”  processes  identified  through  bottleneck  analysis, 

•  being  expanded  as  a  model  to  incorporate  the  later  stages  of  construction, 

•  being  used  as  a  “black  box”  input  to  other  models  created  at  a  later  time, 

•  modeling  process  handling  and  transportation  equipment,  labor  resources  and  material 

•  being  used  as  a  shop  loading  tool  to  assess  process  capacity,  utilization,  duration  and  efficiency  for  various 
product  mixes  and  rate  scenarios. 


3.0  SCOPE 

3.1  General 

The  purpose  of  this  section  is  to  define  the  area  within  NASSCO  which  will  be  represented  in  the  simulation 
model.  The  perimeter  of  the  model  area  so  defined  is  known  as  the  system  boundary.  The  information  given 
here  outlines  the  major  processes  within  the  system  boundary. 

The  areas  of  the  yard  identified  for  simulation  analysis  are  the  treatment  line,  SOC  1 ,  SOC  2  and  the  panel  line. 
SOC  1  is  the  area  in  which  the  majority  of  fabrication  work  is  carried  out.  SOC  2  is  the  area  in  which  the 
majority  of  sub-assemblies  are  manufactured.  SOC  2  is  split  geographically  into  two  areas  with  some  sub- 
assemblies  being  produced  from  an  area  nested  at  the  west  end  of  SOC  1 .  All  processes  within  this  boundary 
will  be  modeled  in  detail. 

No  external  areas  will  be  modeled  explicitly,  but  the  simulated  area  will  be  connected  to  external  areas  via  the 
model  interfaces.  The  stockyard  is  the  supplier  of  all  material  (plates  and  profiles)  to  the  modeled  area.  SOC  3 
is  the  major  customer  for  SOC  1,  SOC  2  and  panel  line  products.  These  two  areas  are  therefore  the  most 
important  of  the  interfaces  to  the  modeled  area.  The  model  interfaces  will  show  how  changes  within  the 
simulated  area  effect  the  external  areas.  In  some  cases  the  interfaces  may  also  be  used  to  apply  a  load  or 
constraint  to  the  simulated  area.  The  configuration  of  these  interfaces  is  defined  in  detail  in  Section  4.3 
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The  general  outline  of  the  area  is  shown  in  the  figure  below. 


3.2  Material  and  product  interfaces 

Stockyard  -  This  is  a  large  storage  area  for  all  incoming  plates  and  profiles.  It  is  the  source  for  all  materials  in 
the  simulation  model  area.  Plates  are  handled  by  a  large  gantry  crane  (507  crane).  Profiles  are  picked  by  a  large 
jib  crane  or  forklift,  pre-staged  and  transported  to  the  treatment  line  by  forklift  or  straddle  carrier. 

SOC  3  (excluding  the  panel  line)  -  This  area  consists  of  a  number  tables  on  which  blocking  is  carried  out  and 
some  of  the  large  sub-assemblies  are  also  manufactured. 

3.3  General  description  of  the  area  to  be  simulated 

The  subject  areas  lie  along  the  northern  boundary  of  the  yard  with  the  stockyard  to  the  west.  Material  flow  is 
generally  west  to  east  but  routes  are  convoluted  and  areas  are  not  always  dedicated  to  one  type  of  work. 

The  area  is  split  into  several  bays  which  are  serviced  by  overhead  cranes.  Several  conveyers  are  used  in  SOC1 
and  a  collocator  system  moves  material  through  the  whole  area.  Several  transfer  cars  are  used  to  move  material 
between  conveyers,  the  collocator  system  and  the  different  crane  bays.  Forklifts  and  straddle  carriers  are  also 
used  to  move  material  around  within  the  area  and  across  the  boundary  to  the  other  areas. 
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The  block  diagrams  below  show  the  relative  position  of  the  major  process  areas  in  SOC  1  and  SOC  2.  The 
diagrams  include  the  T-beam  process  lane  developments  currently  underway. 
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The  major  production  areas  to  be  included  in  the  simulation  are  as  follows. 

Treatment  line  -  The  treatment  line  lies  in  a  north/south  direction  and  is  adjacent  to  the  stockyard.  The  line 
which  handles  both  plates  and  profiles  includes  shot-blasting,  paint  spraying  and  drying.  In  general  profiles  are 
processed  during  the  day  and  plates  are  processed  at  night.  Incoming  and  outgoing  material  are  handled  by  a 
conveyor  system. 

Plate  cutting  -  Plate  cutting  operations  are  conducted  by  six  NC  burning  machines,  one  flame  planer  and  a 
manual  bevel  workstation  located  within  four  uncovered  bays. 

•  CM100.3  -  This  is  a  2  axis  NC  plasma  machine  located  in  the  2000  crane  bay, 

•  CM100.4  -  This  is  a  3  axis  NC  plasma  machine  located  in  the  2000  crane  bay, 

•  CM  100.2  -  This  is  a  3  axis  NC  gas  machine  located  in  the  2000  crane  bay, 

•  Manual  Bevel  -  This  workstation  located  at  the  east  end  of  the  2000  crane  bay  consists  of  tables  and 

sawhorses  upon  which  cut  plates  are  manually  beveled  using  semi-automated  cutting  torches.  This 
area  services  the  NC  burning  machines  within  the  2000  crane  bay. 
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Material  for  the  above  machines  is  delivered  from  the  treatment  line  to  the  collocator  system  were  it  is  stored  in 
buffer  piles  within  the  collocator  lane.  An  large  gantry  crane  (2000  crane)  is  used  to  load/unload  the  NC  and 
manual  bevel  tables.  Product  leaves  the  area  by  forktruck  (<  18’),  trailer,  and  the  collocator  system.  Product  is 
delivered  to  the  panel  line  via  a  transfer  car  (T4)  at  the  west  end  of  the  2000  crane  bay. 

•  Flame  Planer  -  This  is  a  mutlihead  gas  machine  located  north  of  the  T-beam  welder  and  its  primary 
function  is  to  supply  the  T-beam  welder.  Material  is  delivered  from  the  treatment  line  by  the 
collocator  system  (C2  to  T2).  Outgoing  material  is  delivered  to  the  next  assembly  area  by  a  transfer 
car  (T3). 

•  CM300.1  and  CM300.2  -  These  are  smaller  NC  gas  machines  equipped  with  multiple  torches  for 
cutting  of  small  parts  and  are  located  to  the  north  of  the  flame  planer.  Some  of  the  incoming  material 
is  delivered  from  the  treatment  line  by  the  collocator  system  (C2  to  T2).  The  remainder  of  the  material 
comes  from  a  storage  of  remnants  within  the  same  crane  bay.  Outgoing  material  is  placed  on  pallets 
and  removed  by  fork  trucks. 

•  Avenger  3  -  This  is  a  new  2  axis  NC  plasma  machine  located  south  of  the  T-beam  welder.  It  is  part  of 
the  new  T-beam  process  lane.  Material  is  delivered  from  the  treatment  line  by  the  collocator  system. 
This  machine’s  primary  function  is  to  supply  cut  webs  to  the  T-beam  welder. 

Profile  cutting  -  Profile  (less  flat  bar)  manual  marking  and  cutting  is  located  at  the  east  end  of  the  591  crane  bay. 
The  process  is  entirely  manual  and  carried  out  on  tables.  Most  of  the  material  is  delivered  in  cassettes  by  a 
carrier.  The  remainder  of  the  material  is  delivered  by  fork  truck  or  by  the  collocator  system  (C2  to  T2). 

Flatbar  cutting  -  Major  flatbar  fabrication  operations  include  manual  layout  and  bum,  shear,  and  iron  worker. 
The  location  of  these  operations  are  split  between  the  middle  of  the  591  crane  bay  and  the  west  end  of  the  sub- 
assembly  area. 

Forming  -  Forming  is  carried  out  at  a  number  of  areas  in  and  around  the  main  shop.  Major  equipment  includes 
one  45  ft  roll,  two  small  rolls,  brake  form,  frame  bender,  bulldozer,  and  a  line  heating  station. 

Transverse  deck  beams  -  The  current  manufacture  of  T-beams  draws  in  material  from  the  flame  planer  into  the 
MT  welder.  After  the  MT  welding,  products  are  transported  by  straddle  carrier  back  to  the  stockyard  and 
effectively  become  stock.  The  T-beams  are  then  scheduled  via  the  treatment  line  to  the  manual  profile  cutting 
area  for  layout  and  cutting  work  before  going  to  the  Table  10  sub-assembly  area. 

The  current  operations  of  the  T-beam  fabrication  and  subassembly  are  being  removed  from  the  manual  profile 
cutting  area  and  Table  10  sub-assembly  operation  and  relocated  to  a  new  line  which  includes  a  new  NC  plasma 
cutting  machine  and  assembly  conveyors.  In  the  new  operation,  the  necessary  parts  will  be  produced  from  the 
planer  and  a  new  NC  cutting  machine  before  the  MT  welder  operation.  The  T-beams  will  then  be  moved  by 
transfer  car  on  to  the  new  transverse  deck  beam  assembly  line  for  final  cutting  and  all  welding  operations. 

Kitting  -  Immediately  after  fabrication,  the  majority  of  cut  plates  and  profiles  are  delivered  to  a  kitting  area 
where  they  are  sorted  and  collocated  into  kits  for  next  assembly.  The  kits  are  grouped  together  by  block  and 
stored  in  the  kitting  area  until  needed.  The  kitting  area  is  the  large  area  north  of  SOC  1  and  SOC  2.  All  material 
handling  is  performed  by  fork  truck  and  straddle  carrier. 

Plates  greater  than  eighteen  feet  in  length  are  not  part  of  this  operation  and  are  stored  for  next  assembly  in  the 
2000  crane  bay  and  the  Cl  collocator  lane. 
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Longitudinal  stiffeners  are  sorted  by  block  and  stored  in  cassettes  in  the  west  end  of  the  kitting  area. 

Transverse  deck  beams  are  sorted  by  block  and  stored  on  carrier  blocks  in  the  west  end  of  the  kitting  area. 

Box  Girders  -  Box  girders  are  assembled  in  a  dedicated  process  lane  at  the  East  end  of  Table  1.  Large  plates 
(>/=18’)  are  delivered  to  the  process  lane  via  the  collocator  system  (Cl)  and  the  SOC  3  crane  (E2).  Smaller 
plates  (<  18’)  are  delivered  by  fork  truck.  There  is  a  dedicated  buffer  storage  area  in  the  collocator  lane  for 
incoming  box  girder  material.  The  process  lane  consists  of  an  assembly  fixture  and  a  weld  out  station.  The 
process  lane  uses  a  dedicated  15  ton  crane  for  daily  operations.  Outgoing  sub-assemblies  planned  for  Table  1  are 
delivered  to  SOC  3  via  the  El  and  E2  cranes.  All  other  sub-assemblies  will  be  transported  to  SOC  3  by  whirley 
crane. 

Box  Stanchions  -  As  with  box  girders,  the  manufacture  of  these  interim  products  is  performed  in  a  process  lane 
adjacent  to  the  box  girder  lane.  Incoming  material  and  outgoing  sub-assemblies  will  be  handled  the  same  as  with 
box  girders.  The  box  stanchion  process  lane  consists  of  an  assembly  fixture  and  two  weld  out  stations.  There  is 
a  dedicated  10  ton  crane  in  this  process  lane. 

Sub-Assembly  -  The  majority  of  sub-assemblies  are  built  in  essentially  two  areas:  Table  10  which  is  the  small 
part  of  SOC  2  nested  at  the  west  end  of  the  591  crane  bay  and  the  primary  SOC  2  area  which  includes  the 
majority  of  the  shop  east  of  the  T-beam  and  flame  planer. 

Table  10  equipment  includes  the  591  and  600  overhead  cranes.  Materials  and  products  are  transported  to  and 
from  this  area  by  forktruck  and  straddle  carrier.  The  common  parts  built  in  this  area  are  the  transverse  deck 
beams.  Under  the  new  developments,  the  manufacture  of  T-beams  is  being  transferred  to  the  dedicated  T-beam 
process  lane.  Both  processes  will  be  modeled  and  compared  as  a  case  study. 

The  primary  sub-assembly  area  consists  of  26,000  square  feet  of  table  space  which  is  divided  into  six 
manufacturing  cells.  Work  is  sorted  by  block  and  job  type  and  then  allocated  to  these  cells.  This  area  is  equipped 
with  four  overhead  bay  cranes  each  of  which  has  a  5  ton  capacity.  Kits  are  delivered  to  this  area  by  fork  truck 
and  straddle  carrier.  Some  of  the  completed  sub-assemblies  are  removed  by  fork  truck  through  the  various  shop 
entrances.  The  majority  of  completed  sub-assemblies  exit  the  shop  at  the  east,  where  they  can  be  removed  by 
fork  truck,  carrier,  or  trailer. 

There  is  a  line  heating  workstation  at  the  east  end  of  the  sub-assembly  area.  All  line  heating  for  sub-assembly  is 
performed  in  this  area. 

Minor  sub-assemblies  are  processed  on  two  sets  of  tables  within  the  main  area.  In  addition  to  the  use  of  the  four 
overhead  cranes,  there  are  two  jib  cranes  dedicated  to  minor  sub-assembly. 

Panel  line  -  The  panel  line  is  located  to  the  south  of  the  burning  machines  and  produces  built  up  stiffened  flat 
panels.  Plates  are  delivered  one  at  a  time  from  the  2000  crane  bay  by  transfer  car.  Frames  and  longitudinals  are 
delivered  by  straddle  carrier  and  are  lifted  on  to  the  table  by  whirley  crane.  The  line  consists  of  9  workstations 
which  are:  fitting,  one-side  welding,  layout,  stiffener  fitting,  stiffener  welding,  web  fitting,  two  web  welding 
workstations  and  load-out.  The  line  is  serviced  by  the  500  bay  crane  which  has  a  capacity  of  25  t. 

Buffers  -  Currently,  buffer  exists  between  all  processing  areas. 
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4.0  MODEL  FUNDAMENTALS  AND  FORM 

4.1  Introduction 

This  section  deals  with  a  number  of  issues  which  must  be  defined  at  the  beginning  of  the  simulation  project. 

These  are: 

•  key  features, 

•  model  interfaces, 

•  model  hierarchy, 

•  product  and  process, 

•  transportation, 

•  management, 

•  representation  of  manpower, 

•  processing  assumptions, 

•  other  assumptions, 

•  model  users, 

•  future  developments. 

4.2  Key  features  of  the  model 

In  order  to  satisfy  the  objectives,  the  model  will  be  designed  with  the  following  key  features: 

•  Clearly  defined  system  boundary  as  described  in  Section  3. 

•  All  physical  and  control  and  management  processes  (machines,  transport)  within  this  boundary  will  be 
modeled.  Facilities  outside  the  boundary  will  be  defined  but  not  modeled  explicitly.  The  simulated 
area  will  be  connected  to  these  areas  via  the  interfaces,  described  in  Section  4.3. 

•  Modular  approach.  Model  modules  will  be  created  as  stand  alone  objects.  This  has  a  number  of 
advantages  and  allows  each  model  module  to  be  built  and  validated  in  isolation.  Examples  of  these 
modules  in  the  NASSCO  model  are:  treatment  line,  panel  line.  Table  10  etc. 

•  Complete  separation  of  product  and  process.  This  means  that  the  definition  of  the  system  is  totally 
independent  of  the  material  that  flows  through  it. 

•  Where  product  is  produced  by  a  specific  machine,  the  machine  is  modeled  explicitly.  An  example  of 
this  would  be  a  plate  cutting  machine.  Raw  material  (uncut  plate)  will  flow  to  it  and  product  (cut  plate) 
will  flow  from  it. 

•  The  transportation  network  will  be  modeled  to  a  level  which  provides  an  accurate  analysis  of  time 
taken  to  move  material  between  processes.  This  is  required  in  order  to  accurately  evaluate  the  effect  of 
changes  in  material  flow  and  transport  enhancements. 
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4.3  Model  interfaces 


The  model  interacts  with  areas  outside  the  model  boundary  through  interfaces. 

The  interfaces  to  the  model  are: 

•  steel  plates  and  profiles  at  the  input  to  the  treatment  line, 

•  steel  products  at  output  to  block  assembly, 

•  technical  information, 

•  consumables  such  as  welding  rods  and  cutting  heads, 

•  outfit  items, 

•  labor  resource  pool  demands  (for  labor  that  comes  in  from  other  areas  of  the  facility  not  modeled 
explicitly). 

Since  the  scope  of  this  study  does  not  include  evaluating  the  impact  of  external  system  performances,  they  will 
not  be  considered  as  constraints.  The  model  will  produce  demand  curves  for  inputs  such  as  technical 
information,  materials  and  equipment.  These  curves  can  then  be  used  to  determine  if  the  input  producers  can 
meet  the  demands  of  the  model.  The  interface  to  SOC3  will  be  used  to  create  the  demand  which  will  drive  the 
model. 


4.4  Model  hierarchy 

The  final  model  will  consist  of  a  number  of  hierarchical  levels  represented  by  a  series  of  nested  frames.  These 
frames  will  principally  fall  into  one  of  three  categories: 

•  Master  frame.  This  is  the  environment  within  which  the  entire  system  operates.  All  other  frames  are 
contained  within  the  master.  There  is  no  transfer  of  material  or  information  across  the  master. 

•  System  boundary  frame.  This  is  defined  by  the  scope  of  the  area  to  be  modeled  explicitly.  There  is  no 
transfer  of  material  or  information  across  the  system  boundary  frame  other  than  through  the  designated 
interfaces. 

•  Intermediate  frame.  The  intermediate  frames  simply  allows  the  logical  groupings  that  are  present  in  the 
facility  to  be  represented  in  the  model.  The  first  level  intermediate  frames  in  this  model  are  the  treatment 
line,  SOC  1,  SOC  2  and  the  panel  line. 

•  Operational  frame.  This  type  of  frame  is  designed  to  represent  the  level  at  which  actual  processing  is  done 
in  the  facility  and  is  the  lowest  level  in  the  model  hierarchy.  All  calculations  of  event  duration’s  are 
carried  out  at  this  level  in  the  model.  An  example  of  such  a  frame  would  be  an  NC  cutting  machine. 
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The  grouping  of  objects  does  not  relate  necessarily  to  the  possible  “candidate  automation  processes”.  It  refers  to 
physical  groups  based  on  proximity.  The  analysis  of  logical  groups  such  as  the  “candidate  automation  processes” 
will  be  carried  out  by  tracking  the  product  routes  through  the  facility  during  the  experimentation  phase.  In 
modeling  the  facility,  individual  machines  and  workstations  must  be  treated  in  isolation.  The  connections 
between  these  machines  and  workstations  is  established  through  logical  decisions  made  by  the  model  during  the 
simulation  runs  or  by  the  attributes  of  the  produce.  Even  where  fixed  routes  do  exist  in  the  facility  now,  its  is 
desirable  that  the  model  have  the  flexibility  to  change  material  routings. 

If  process  lanes  were  to  be  modeled  as  logical  groupings,  then  the  dependencies  of  other  process  lanes,  on  the 
workstations  within  the  logical  grouping,  would  not  be  represented. 

The  diagram  below  shows  an  example  of  how  the  frames  will  relate  to  each  another.  In  addition  there  are  source 
and  sink  frames.  These  are  the  basic  material  input  and  output  interfaces  of  stock  yard,  block  assembly,  grand 
assembly  and  construction  point.  Only  a  small  number  of  operational  frames  have  been  shown.  There  will  be 
many  others  in  the  model  and  these  will  be  finalized  at  the  model  building  stage. 
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4.5  Products  and  processes 

When  representing  the  physical  system,  there  are  only  two  categories  of  object: 

•  products,  defined  as  those  objects  which  have  work  done  to  them. 

•  processes,  defined  as  those  objects  that  do  the  work. 
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Products  are  defined  in  terms  of  interim  product  type  (IP  type).  Processes  are  defined  in  terms  of  IP  type 
capability.  Work  is  allocated  in  the  system  by  matching  IP  type  for  products  and  processes. 

In  many  cases  it  will  be  necessary  to  define  process  capability  to  a  greater  level  of  detail  and  specify  secondary 
parameters  (dimensions,  material  etc.)  for  each  interim  product.  Such  processes  will  be  allocated  work  by  IP 
type  provided  that  secondary  parameter  requirements  are  met. 

4.6  Transportation 

Transportation  can  be  represented  in  two  ways: 

Explicit  transport  -  The  process  of  moving  products  from  one  physical  location  to  another  is  carried  out  by  a 
transporter  object.  This  type  of  representation  is  used  in  situations  where  the  availability  of  transporters  is  a 
constraint  and  where  the  destination  of  the  product  may  vary  depending  on  the  availability  of  space  and 
disruption  from  other  activities.  These  types  of  transporter  objects  are  sub-systems  in  the  model. 

Within  the  scope  of  the  model  specified,  some  transporters,  such  as  the  whirley  cranes,  are  not  dedicated  to  the 
area  within  the  system  boundary.  The  external  demand  for  transports  will  be  represented  by  an  interface  which 
restricts  their  availability. 

With  physical  transportation,  the  transportation  network  is  modeled  explicitly  and  so  becomes  another  process. 
The  transportation  network  will  be  visible  and  fixed  and  material  objects  will  only  be  able  to  travel  along 
existing  routes.  In  this  model,  the  following  transport  systems  will  be  modeled  explicitly: 

•  bay  cranes, 

•  whirley  cranes, 

•  the  collocators, 

•  conveyors, 

•  forklift  trucks, 

•  straddle  carriers, 

•  trailers. 

There  will  be  other  minor  transport  instances  within  the  model  which  may  be  modeled  explicitly,  although  this 
cannot  be  finalized  until  the  model  design  stage  is  reached. 

Virtual  transport  -  The  process  of  moving  products  from  one  physical  location  to  another  is  not  modeled 
explicitly,  but  is  attributed  a  time  on  an  event  by  event  basis.  This  time  may  be  obtained  from  a  probability 
distribution  (derived  from  field  data)  which  represents  the  natural  behavior  of  the  process.  The  time  would  also 
be  given  a  dependence  on  the  attributes  of  the  task,  such  as  the  distance  traveled  and  the  weight  of  the  load.  In 
modeling  terms,  this  type  of  representation  is  relatively  easy  to  create  and  is  used  in  process  flow  situations 
where  products  have  a  clearly  defined  route  and  usually  some  dedicated  transport  equipment.  An  example  of  this 
is  the  transport  if  interim  products  along  the  panel  line. 

In  virtual  transportation  material  objects  simply  move  between  processes  and  buffers  instantly.  The  routing  and 
transportation  of  the  material  object  is  contained  in  the  model  logic.  This  is  done  where  the  system  is  not 
sensitive  to  transportation  issues. 
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4.7  Management 


Modeling  the  management  of  the  system  is  just  as  important  as  modeling  the  processes  within  the  system.  The 
functions  of  the  management  system  within  the  model  will  be: 

•  Material  flow  -  how  material  is  moved  around  the  system. 

•  Assignment  of  work  -  how  interim  products  are  allocated  for  processing. 

•  Control  of  system  parameters  -  changing  system  parameters  such  as  processing  time  to  reflect  differing 
interim  product  capability  at  a  workstation. 

•  Collection  of  data  -  controlling  the  collection  of  data  in  the  model  so  that  output  is  consistent  and  of  the 
required  format. 

•  Calendar  control  -  controlling  the  shift  patterns  of  labor  and  workstations. 

One  way  of  handling  these  functions  efficiently  is  through  a  production  controller.  This  will  be  modeled  as  a 
single  object  which  appears  at  each  hierarchical  level  and  within  each  module  throughout  the  model.  At  the  top 
level  the  production  controller  will  control  the  model  input  data  and  start  the  model  running. 

The  production  controller  is  responsible  for  all  communication  and  decision  making  in  the  model  including 
product  allocation  routing.  Each  frame  in  the  model  contains  a  production  controller  that  is  concerned  only  with 
operations  in  that  frame. 

The  production  controller  in  intermediate  frames  controls  all  communication  and  logic  within  this  frame,  but 
does  not  interfere  with  control  in  frames  above  or  below  in  the  hierarchical  model  structure.  At  the  highest  frame 
in  the  hierarchical  structure,  the  master  frame,  the  production  controller  inputs  and  outputs  from  each  of  the 
model  modules  as  well  as  transportation  sub-systems  that  cross  some  or  all  of  the  model  module  boundaries. 

In  order  for  the  model  to  accurately  represent  the  true  behavior  of  the  facility,  it  is  necessary  for  relevant 
information  from  planning,  scheduling,  routing  and  production  control  logic  to  be  represented  within  the 
production  controller.  The  first  decision  is  whether  to  make  the  system  “push”  or  “pull”  managed.  Through 
experience,  it  has  been  decided  to  make  the  essential  driver  for  the  system  to  be  the  demand  for  interim  products 
from  SOC  3.  The  model  will  therefore  be  essentially  a  pull  system.  However,  in  reality  the  area  under 
consideration  doesn’t  operate  strictly  on  a  pull  basis  because  some  corruption  of  the  build  sequence  occurs.  This 
can  be  modeled  by  allowing  individual  machines  and  processes  to  build  interim  products  out  of  sequence.  The 
logic  for  this  is  as  follows: 

•  Each  machine  or  process  area  has  a  sequenced  priority  task  list  of  interim  products  to  build.  In  the 
event  that  the  parts  necessary  to  build  the  first  item  on  the  list  are  not  available,  the  machine  or 
process  area  can  look  down  the  task  list  to  see  if  all  parts  are  available. 

•  If  “true”  then  build  that  product. 

•  If  “false”  then  look  at  the  next  task  on  the  list  and  so  on. 
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The  level  of  allowable  sequence  corruption  is  defined  by  the  number  of  tasks  the  machines  or  process  areas  can 
look  through  before  it  finds  one  that  it  can  build.  This  number  will  be  set  at  the  data  collection  stage,  but  will 
also  form  part  of  the  experimentation  phase  to  see  the  effect  of  sequence  corruption  on  WIP. 

4.8  Representation  of  manpower 

The  assignment  of  personnel  will  fall  into  one  of  the  following  three  categories: 

•  Dedicated  -  Personnel  can  be  dedicated  to  a  workstation.  For  example  the  personnel  who  look  after  the 
NC  burning  machines. 

•  Process  Orientated  -  Personnel  can  be  dedicated  to  a  number  of  workstations  because  they  are  good  at 
particular  processes.  Therefore  a  man  good  at  manual  burning  will  be  assigned  to  a  number  of 
workstations  that  perform  that  task. 

•  Floating  -  Personnel  can  be  used  at  any  workstation  where  needed. 

A  “pool”  of  personnel  will  be  available  in  every  major  area,  e.g.  SOC  1.  These  personnel  will  have  an  attribute 
which  will  identify  their  skills  and  efficiency. 

Further  attributes  will  be  added  to  each  person  depending  on  their  category.  The  dedicated  personnel  will  have 
an  attribute  detailing  what  workstation  they  are  dedicated  to.  In  the  case  of  the  process  orientated  personnel,  the 
attribute  will  be  a  table  listing  the  processes  which  they  can  do. 

4.9  Processing  assumptions 

The  following  assumptions  will  be  made: 

•  for  the  current  processes,  the  sequence  of  construction  of  intermediate  products  may  not  be  known, 

•  in  order  to  derive  process  times  in  the  automated  systems,  it  must  be  assumed  that  the  product  work 
breakdown  structure  is  defined  to  plate  and  bundles  of  stiffener  level.  In  addition,  information  will  be 
required  on  work  types  and  values  in  a  given  product, 

•  automated  processes  will  derive  the  process  times  from  the  Product  Work  Breakdown  Structure, 

•  undefined  process  areas  will  use  the  same  basic  product  data  and  empirical  performance  measures  together 
with  resource  allocation  and  efficiency  to  estimate  the  necessary  times, 

•  in  some  cases,  the  duration  of  a  particular  event  has  little  dependency  on  the  attributes  of  the  work.  In 
these  cases  an  empirical  time  is  assigned  to  the  process. 

Modeling  of  the  current  system  involves  a  breakdown  into  areas  or  modules  based  on  the  physical  layout  of  the 
system.  At  present,  modeling  the  physical  layout  means  that  some  product  types  could  be  processed  at  a  number 
of  different  locations. 
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For  well  defined  or  automated  processes,  this  definition  will  be  straight  forward,  since  parts  are  manufactured  in 
a  consistent  sequence  using  methods,  machines  or  tools  with  an  easily  quantifiable  performance,  given  the 
material  attributes  of  the  product.  For  manual  areas,  due  to  corruption  of  assembly  sequences  and  variety  in 
methods  used  to  make  similar  products,  it  may  not  be  possible  to  model  the  process  and  derive  a  time  directly  in 
the  way  described  above.  However,  it  will  still  be  possible  to  obtain  good  results  in  this  type  of  situation  by 
collecting  data  on  work  content  in  man-hours  for  types  of  interim  product  and  applying  the  same  constraints  to 
the  execution  of  the  work  set  out  above. 

4.10  Other  assumptions 

In  addition  to  the  assumptions  made  above,  a  number  of  other  factors  will  be  taken  into  consideration.  These  are: 

•  the  effect  of  weather  conditions  in  disrupting  work  and  affecting  accuracy, 

•  the  level  of  rework, 

•  the  level  of  absenteeism  and  vacation. 

4.11  Model  users 

The  model  will  be  used  by  the  Industrial  Engineering  department. 

On  completion  of  this  project,  the  model  could  be  developed  as  described  in  Section  4.12.  The  user  base  may 
therefore  expand  to  include  planners,  foremen  and  area  managers.  The  potential  future  use  and  expansion  of  the 
user  base  will  not  be  a  primary  consideration  in  the  development  of  the  model. 

4.12  Possible  future  development  of  the  model 

Possible  future  uses  include: 

•  develop  the  system  interfaces  to  constraint  enabled  so  that  not  only  will  the  influx  and  egress  of  objects 
over  the  boundary  be  modeled,  but  can  also  be  disrupted, 

•  extend  system  boundary  to  include  others  areas  such  as  SOC3. 

Extension  of  the  system  boundary  is  a  natural  progression  with  the  possible  long  term  aim  of  creating  a  model  of 
the  entire  shipyard. 


5.0  MODEL  FUNCTIONALITY 

5.1  Introduction 

This  section  details  the  functionality  required  to  satisfy  the  demands  of  the  model  outputs  and  the  model  user. 
The  live  elements  of  the  model  output  will  be  handled  by  the  user  interface.  The  user  interface  will  also  give  easy 
access  to  the  system  history  output  which  will  be  necessary  for  testing,  validation  and  experimentation  as 
detailed  in  the  following  sections. 
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5.2  User  interface  elements 


Elements  of  the  user  interface  fall  into  one  of  two  categories: 

•  Interaction  -  the  element  requires  an  action  from  the  user  for  it  to  open  or  change  its  state,  for  example 
double  clicking  on  a  machine  to  open  the  characteristics  dialogue  box. 

•  Display  -  the  element  displays  system  parameters  for  the  user,  for  example  a  display  of  machine  status. 

Elements  and  features  of  the  user  interface  will  be  defined  during  the  model  development.  Examples  (taken  from 

Simple++)  are  given  below: 

•  The  Gauge  -  displays  a  value  either  graphically  as  a  small  bar  or  as  a  digit.  Typically  used  to  display  an 
output  metric  or  storage  area  contents. 

•  The  Plotter  -  displays  a  graph  over  time  and  will  be  used  where  “change  in  state”  analysis  is  required. 
Typically  used  to  display  resource  (men  and  equipment)  utilization. 

•  The  Dialogue  -  A  pop  up  box  with  user  defined  elements  used  for  adjusting  or  displaying  system 
parameters.  These  will  be  used  to  simplify  the  operation  of  the  model  by  grouping  elements  in  a  logical 
and  easy  to  use  way.  Typically  used  for  adjusting  the  processing  characteristics  of  a  machines:  cutting 
speed,  downtime,  etc. 

•  Object  Animation  and  Color  -  Both  the  animation  of  the  products  and  processing  areas  can  be 
controlled.  This  is  useful  for  changing  the  element’s  picture  when  its  status  changes-  red  for  when  a  part  is 
blocked,  for  example,  or  changing  the  icon  of  a  workstation  according  to  status. 

The  following  are  examples  of  live  outputs  that  will  be  used  in  the  model: 

•  each  workstation  will  have  a  status  indicator  showing: 

=>  idle  (yellow) 

=>  processing  (green) 

=>  blocked  (red) 

•  each  workstation  will  have  a  gauge  indicating  its  current  utilization, 

•  each  workstation  will  have  an  indicator  showing  output  per  week  (throughput), 

•  where  workstations  have  a  capacity  larger  than  one  an  indicator  of  current  number  will  be 

included, 

•  resources  will  be  kept  on  a  “resource  shelf’  when  not  utilized. 
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6.0  OUTPUTS  AND  INPUTS 


6.1  Outputs 

The  model  outputs  will  be  designed  to  satisfy  the  primary  objective  of  this  simulation  project  as  defined  in 

Section  2. 

In  order  to  carry  out  the  evaluation,  the  following  reports  will  be  required. 

•  throughput  reports: 

=>  parts  per  period  at  all  levels  of  system  hierarchy 
=>  tonnes  per  period  and  other  metrics  at  all  levels  of  system  hierarchy 
=>  value  processed  per  period  at  all  levels  of  system  hierarchy 
=>  utilization  at  all  levels  of  system  hierarchy. 

•  demand  profiles  for  system  inputs, 

•  demand  profiles  for  resource  and  consumables, 

•  operation  profile  report  showing  exactly  what  is  the  status  of  each  processing  object  during  the  model  run 
period. 

6.2  Inputs 

The  model  will  require  two  types  of  input: 

•  product  definition  file  -  this  file  will  contain  a  complete  definition  of  the  product  and  will  take  the  form  of 
a  Product  Work  Breakdown  Structure.  The  exact  structure  and  nature  of  this  file  will  be  determined  in  the 
model  formulation  stage. 

•  product  and  process  object  attributes  -  attributes  assigned  to  objects  so  that  the  required  output  reports  can 
be  generated. 

6.2.1  Process  object  attributes 

•  NASSCO  ID.  This  is  a  unique  identifier  that  refers  to  the  shipyard  name  for  the  processing  object. 

•  Processing  capabilities.  What  type  of  work  can  the  process  do. 

•  Capacity.  How  much  can  it  produce. 

•  Status.  Status  is  categorized  into  working  and  not  working.  This  is  not  strictly  an  input  but  is  included  in 
the  list  of  attributes.  The  object  is  considered  not  working  during  scheduled  global  downtime  caused  by 
shift  patterns,  weekends  or  holidays.  Working  is  subdivided  into: 
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=>  Down.  The  object  is  broken  or  undergoing  maintenance. 

=>  Blocked.  The  object  has  finished  processing  but  cannot  release  the  product  due  to  congestion  in 
downstream  processing  objects. 

=>  Waiting.  The  object  is  ready  to  start  processing  but  cannot  because  it  is  waiting  for  input  material. 

=>  Processing.  The  object  is  doing  work. 

6.2.2  Product  object  attributes 

•  Material  ID.  This  is  a  unique  identifier  that  refers  to  the  shipyard  name  for  the  product  object. 

•  Physical  Attributes.  Categorized  into  weight,  dimensions  and  other  metrics  to  measure  work  content. 

•  Routing.  This  is  the  route  the  product  objects  take  through  the  process  objects. 

•  Monetary  value. 

•  Locations.  Times  and  locations  recorded  for  the  life  span  of  the  product. 

6.3  Generation  of  reports 

The  reports  outlined  in  Section  7.1  are  produced  at  the  end  of  the  simulation  run.  The  method  for  the  production 
of  each  report  is  outline  below. 

•  Throughput  reports.  By  using  the  location  log  for  each  product  object  the  passage  of  product  objects 
through  each  processing  object  can  be  determined.  When  combined  with  this  the  relevant  product  object 
attributes  and  the  throughput  for  each  processing  object  can  be  calculated. 

•  Demand  profiles  for  resources  and  consumables.  The  demand  on  the  relevant  resource  pools  and 
consumable  stores  is  recorded  during  the  model  run.  This  is  plotted  out  at  the  end  of  the  run. 

•  Demand  profiles  for  system  inputs.  The  demand  on  the  relevant  input  source  is  recorded  during  the 
model  run.  This  is  plotted  at  the  end  of  the  run. 

•  Operational  profile.  By  analyzing  the  status  logs  for  each  processing  object,  the  operational  profile  in 
terms  of  time  spent  in  each  of  the  different  operation  modes  can  be  plotted. 
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7.0 


PROJECT  METHOD 


7.1  Project  steps 

The  simulation  aspects  of  the  project  are  divided  in  the  stages  shown  in  Section  1,  which  are: 

•  simulation  specification, 

•  data  collection, 

•  model  formulation, 

•  model  testing  and  validation, 

•  experiments  and  analysis. 

In  order  to  meet  the  project  objectives,  the  modeling,  experiment  and  analysis  phases  will  be  split  into  two  parts. 
The  first  stage  will  be  the  modeling  of  the  facility  as  it  exists  as  defined  in  Section  3.  Experiments  and  analysis 
will  then  be  carried  out  to  identify  areas  within  the  modeled  area  that  could  be  improved  through  the  introduction 
of  automation. 

In  the  second  stage,  the  identified  candidate  automated  processes  will  then  be  modeled  as  “what  if’  scenarios  and 
the  effect  of  these  changes  on  performance  will  be  quantified. 

In  addition,  a  case  study  will  be  carried  out  which  models  the  T-beam  process  lane  as  it  was  and  also  as  it  now 
exists.  The  recent  changes  to  the  facility  in  this  area  will  be  used  to  examine  the  effectiveness  of  the  simulation 
methodology. 

The  remainder  of  the  project  follows  an  established  logical  sequence  which  is  explained  in  the  following 
sections. 

7.2  Data  collection 

In  order  to  establish  which  data  to  collect  prior  to  beginning  data  collection  it  is  necessary  to  further  define  the 
system,  the  product  work  breakdown  structure  and  report  requirements.  The  principal  steps  in  this  are  as 
follows: 

1.  Define,  as  in  Section  3,  the  system  boundary.  Decide  exactly  which  parts  of  the  system  are  to  be 
modeled  and  exactly  how  the  system  is  constrained  by  its  material  inputs. 

2.  Break  the  manufacturing  system  down  into  logical  elements.  These  element,  referred  to  hereafter  as 
processing  objects,  are  the  fundamental  building  blocks  from  which  the  model  is  created. 

3.  Produce  a  step  by  step  logical  description  for  the  behavior  of  each  of  the  defined  process  objects.  It 
appears  from  the  process  flow  information  examples  produced  by  the  industrial  engineering  department 
that  some  of  this  information  already  exists,  albeit  in  a  slightly  different  form  to  that  required  for  this 
step. 

4.  Determine  precisely  what  parameters  affect  the  performance  of  each  processing  object  in  terms  of: 

•  product  specification  and  characteristics  such  as  thickness,  weld  length  and  area, 
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•  resource  requirements  including  labor,  cranage,  floor  space  and  consumables, 

•  environmental  factors  affecting  the  process  such  as  the  weather, 

•  operational  downtime,  shift  patterns,  maintenance  schedules. 

5.  Some  of  this  information  has  been  collected  as  a  result  of  previous  studies.  This  will  be  reformatted  and 
enhanced.  Labor  will  be  categorized  by  skill  type. 

6.  Define  the  product  or  products  that  each  process  object  is  capable  of  producing.  These  products  are 
referred  to  as  interim  products. 

7.  Describe  the  inputs  to  the  system  boundary.  These  are  also  considered  to  be  interim  products,  the  only 
difference  is  that  they  originate  from  outside  the  system  boundary. 

8.  Produce  a  detailed  list  of  all  the  system  outputs. 

9.  Break  down  each  output  into  its  constituent  interim  products. 

10.  Define  which  attributes  define  each  interim  product  in  terms  of  the  attributes  associated  with  the  process 
objects  and  information  that  maybe  required  to  appear  on  a  report.  For  example,  if  the  throughput 
measure  is  tonnes  per  week,  then  each  interim  product  must  have  a  weight  attribute.  Similarly,  if  a  cost 
profile  is  required  then  each  interim  product  would  be  assigned  an  attribute  that  held  some  measure  of 
the  monetary  value. 

Performance  data  relating  to  the  process  objects  is  collected  from  existing  input/output  from  the  MRP  system, 
measurements  taken  by  planners,  production  personnel  or  the  industrial  engineering  group  or,  as  last  resort,  time 
study.  There  is  a  considerable  amount  of  data  already  available  although  some  of  this  is  conflicting  and  this  must 
be  clarified  prior  to  inclusion  in  the  data  base.  The  attributes  relating  to  the  interim  products  are  quantified  by 
reviewing  the  design  and  the  Product  Work  Breakdown  Structure.  Again  much  of  this  data  exists  or  can  be 
easily  generated  from  TRIBON  and  CALMA  (engineering  design  CAD  systems). 

7.3  Model  Formulation 

The  model  formulation  is  the  actual  model  construction. 


7.4  Model  testing  and  validation 

The  model  testing  and  validation  specifications  are  defined  in  detail  in  Section  8  of  this  document. 

7.5  Experimenting  with  the  model 

This  stage  of  the  simulation  project  assumes  that  a  tested  and  validated  model  of  the  system  has  been  created. 

There  are  numerous  investigations  that  can  be  carried  out  with  this  simulation  model.  However,  the  primary 
objective  of  this  part  of  the  project  is  to  evaluate  the  effect  of  automating  parts  of  the  steel  work  areas  so  the  user 
will  be  concentrating  on  what  if  analysis. 


19 


The  experiments  fall  into  one  of  two  categories:  process  experiments  and  sensitivity  analysis.  The  comparison  of 
the  experiment  results  must  be  conducted  within  a  framework  of  known  model  error. 

7.5.1  Process  experiments 

The  process  experiments  should  deal  with  the  following: 

•  identifying  bottleneck  areas  which  have  repetitive  manual  processes  and  possible  were  material 
handling  is  convoluted, 

•  quantifying  the  effectiveness  of  automation  in  these  areas  identified. 

The  introduction  of  automation  invariably  involves  capital  expenditure  and  therefore  results  will  highlight  a 
ranked  list  of  improvements  against  cost. 

7.5.2  Sensitivity 

The  following  sensitivities  are  suggested  for  experimentation: 

•  the  effect  of  variance  on  each  process  time  on  overall  cycle  time, 

•  the  effect  of  changing  the  buffer  size  on  throughput  or  WIP, 

•  vary  the  maintenance  schedule  and  breakdown  probabilities  to  gauge  the  effect  on  throughput, 

•  vary  the  probability  of  rework  at  the  various  workstations 

8.0  DELIVERABLES 

8.1  General 

The  following  is  an  outline  of  what  will  be  produced  during  the  course  of  the  simulation  project.  A  more 
detailed  list  will  be  derived  during  the  development  of  the  proposal  for  the  next  phase  of  the  simulation  project. 

•  data  collection  requirements  and  specification  of  data  inputs  required, 

•  complete  simulation  model  to  the  specification  outlined  in  this  document, 

•  a  simulation  model  user  manual, 

•  project  reports  and  documentation  of  project  methodology, 

•  experiments  and  analysis  to  meet  the  project  requirements. 

8.2  Responsibilities 

The  development  of  the  simulation  model  specified  in  this  document  is  a  major  task.  The  best  way  to  organize 
and  manage  the  work  is  to  adopt  a  team  approach  involving  both  specialist  external  resources  and  NASSCO 
employees.  In  general,  NASSCO  employees  will  be  responsible  for  data  collection,  project  reports,  and 
conducting  experiments.  Specialist  external  resources  will  be  responsible  for  development  of  the  simulation 
model,  creation  of  a  user  manual,  and  general  consulting  in  the  application  of  the  model. 
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8.3  Project  time  scale 


The  expected  project  program  in  weeks  is  shown  below. 


Project  Tasks 


DATA 

Detailed  specification  and  sourcing 

Data  collection  on  process 

Data  collection  on  product _ 


MODEL  DESIGN 

Hierarchical  level 
Object  classification 
Operational  level  design 


MODEL  BUILDING  OF 
EXISTING  FACILITY 
Hierarchical  level 
Operational  Level _ 


TESTING  AND  VALIDATION 
Simulation  runs 

Comparison  with  facility  outputs 
Iterative  model  correction 
BOTTLENECK  ANALYSIS 
Identification  of  possible 

automation  areas _ 

MODELING  OF  AUTOMATION 
Creation  of  new  objects 
Integration  with  existing  model 
EXPERIMENTS  AND  ANALYSIS 
Evaluation  of  automation  impact 
REPORTS 
Methodology 
Project  reports 
User  manuals 
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9.0  MODEL  TESTING  AND  VALIDATION 

9.1  Overview 

This  section  details  the  testing  and  validation  procedure  that  takes  place  during  model  building  and  on 
completion  of  the  model  prior  to  experimentation. 

The  model  testing  will  follow  the  same  hierarchical  approach  as  the  modeling  itself.  Therefore,  since  the  model 
is  broken  down  into  a  set  of  modules  which  interact  to  make  up  the  whole  model,  the  following  approach  will  be 
taken: 


•  test  each  module  individually, 

•  test  the  interaction  (interface)  between  two  modules, 

•  test  the  overall  model. 

The  diagram  overpage  shows  the  overall  modeling  process  from  building  through  to  implementing  results  from 
model  experimentation: 
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9.2  Module  logic  follows  system  logic 


In  the  model  design  phase  of  the  project  the  model  logic  and  assumptions  will  be  defined  and  documented  after, 
consultation  between  NASSCO  personnel  and  the  modeling  team.  This  logic  and  assumptions  will  be  used  in  the 
model  building  phase.  The  verification  of  the  model  logic  is  the  first  testing  procedure.  The  model  logic  should 
follow  the  system  logic  as  defined.  A  manual  check  of  the  logic  diagrams  to  ensure  that  the  rules  are  being 
obeyed  is  usually  sufficient  in  the  first  instance  although  a  logic  testing  “cradle”  is  constructed  to  do  this  where 
necessary.  This  cradle  feeds  the  system  module  with  all  its  required  inputs  and  checks  that  the  correct  logic 
paths  are  traveled  and  outputs  obtained. 

9.3  Negative 

The  model  logic  should  be  designed  so  that  invalid  experiment  scenarios  cause  the  model  to  react  in  a  positive 
manner.  If  an  invalid  scenario  occurs  the  model  should  not  fail  but  flag  the  problem  and  attempt  to  explain  why 
it  cannot  deal  with  it.  In  simple  modeling  terms  this  could  mean  simple  messages  are  displayed  explaining  why 
the  model  has  stopped  or  is  not  running.  For  this  test  the  model  should  be  loaded  with  invalid  scenarios  to  ensure 
the  model  does  not  just  stop  or  crash. 

9.4  Soak 

To  verify  that  the  model  is  stable  within  its  environment,  i.e.  the  computer  and  software  on  which  it  is  run,  the 
model  is  run  with  an  overload  of  data  and/or  repetitively  for  a  long  period  of  time.  This  will  give  confidence  that 
there  are  no  sporadic  software  glitches  or  hardware  problems  associated  with  the  model.  This  is  important  when 
the  model  is  left  to  carry  out  experiments  for  a  length  of  time  unattended. 

9.5  Validation 

Before  experimentation  can  begin,  the  model  must  be  validated.  The  validation  process  ensures  that  the  users 
have  complete  confidence  in  the  output  of  the  model.  Only  when  this  is  achieved  will  the  experiment  results  be 
fully  appreciated.  In  order  to  achieve  this  the  following  tests  must  be  undertaken. 

9.5.1  Realism 

This  is  a  consultative  test  whereby  the  system  experts,  with  detailed  working  knowledge  of  the  system  modeled, 
are  asked  to  check  the  model  behavior  to  ensure  that  it  reflects  the  true  nature  of  the  real  system.  An  exact 
representation  is  not  necessary  to  pass  this  test  but  it  is  important  to  ensure  that  important  system  behavior 
characteristics  are  not  neglected. 

9.5.2  Accuracy 

To  check  model  accuracy,  the  model  outputs  are  compared  against  an  historical  or  derived  data  set.  In  previous 
sections  some  consideration  has  been  given  to  the  appropriate  level  of  model  accuracy.  At  the  first  stage,  the 
accuracy  of  the  model  does  not  have  to  be  particularly  high,  but  the  correct  logic  of  the  model  is  crucial. 


25 


Simulation  models  which  take  account  of  the  variability  of  processes  will  have  outputs  that  are  also  statistical  in 
nature.  The  results  of  the  model  will  therefore  have  a  mean  value  and  a  variance  associated  with  that  mean.  A 
truly  validated  model  must  have  good  matching  of  both  these  parameters. 

Validation  can  take  place  in  the  same  hierarchical  way  in  which  model  testing  is  done.  This  will  require  that  the 
logic  testing  cradle  not  only  has  the  correct  inputs  and  outputs  for  the  running  of  a  module,  but  that  these  outputs 
are  realistic.  Data  must  therefore  be  collected  to  satisfy  the  module  inputs  and  outputs. 

The  procedure  for  module  and  complete  model  validation  is  essentially  the  same  and  includes  the  following 
steps: 


•  Collect  data  to  satisfy  the  module  or  model  boundary  inputs  and  outputs. 

•  Run  the  model  over  a  period  of  time  which  is  equivalent  to  the  length  of  time  which  the  real  system  took  to 
process  the  material  represented  by  the  collected  data.  For  example,  for  the  complete  system  model,  the 
simulation  might  be  run  for  the  equivalent  of  one  weeks  production. 

•  Collect  detailed  statistics  from  the  real  system  about  the  actual  throughput  of  work  over  the  same  period. 
This  data  collection  will  be  carried  out  by  area  supervisors  and  will  be  a  simple  list  of  completed  work  and 
the  date  and  time  on  which  it  was  completed. 

•  Compare  the  results  of  the  simulation  model  and  the  real  system  for  the  model  outputs.  This  comparison 
is  done  at  the  highest  level  first  with  throughput  of  blocks  and  the  input  of  plates  and  stiffeners. 

If  the  model  results  and  the  real  system  outputs  agree  to  within  10%-15%  at  the  highest  level,  the  accuracy 
comparisons  can  then  be  made  throughout  the  model  hierarchy.  This  process  will  start  by  comparing  buffer 
contents  and  then  move  on  to  the  throughput  of  each  area  and  workstation  before  getting  to  individual  machine 
performances. 

The  measures  of  throughput  and  general  system  performance  are  called  system  metrics.  The  outputs  of  the 
simulation  model  reflect  these  system  metrics.  The  following  metrics  can  be  compared  at  global  and  local  levels 
throughout  the  validation  stage: 

Throughput: 


•  make-span  (the  time  that  components  spend  in  the  system), 

•  process  times  at  workstations  and  product  areas  including  set-up  and  load-out  times, 

•  resource  requirements  of  particular  product  areas,  for  example  model  predictions  of  the  number  of  welders 
required  in  the  sub-assembly  areas, 

•  buffer  utilization. 
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What  if  the  model  accuracy  does  not  meet  the  required  accuracy? 


When  the  model  is  first  tested  it  is  likely  that  the  accuracy  that  was  set  initially  will  not  be  met.  In  this  case  the 
following  procedure  should  be  carried  out: 

•  Check  each  of  the  outputs  at  the  global  and  local  levels  for  accuracy.  This  will  isolate  the  areas  in 
which  the  inaccuracy  is  greatest. 

•  Having  isolated  the  problem  area,  the  system  and  product  data  relevant  to  these  process  areas  in  the 
model  should  be  verified  by  revisiting  the  appropriate  data  collection  points. 

•  The  problem  may  lie  with  an  unrealistic  description  of  the  process  or  erroneous  assumptions  about  the 
activities  in  that  area. 

•  Modify  the  system  data,  product  breakdown,  system  logic  or  a  combination  of  all  three  and  revalidate 
the  model. 

The  process  of  validation  usually  requires  a  number  of  iterations  until  a  satisfactory  level  of  accuracy  is 
achieved. 
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SIMULATION  SOFTWARE  PACKAGES 


See 

“Software  for  Simulation” 
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APPENDIX  D 

NASSCO  STEEL  FABRICATION  AND  SUBASSEMBLY 

FLOWCHART 


NASSCO  Stage  of  Construction  1  -  Steel  Fabrication  'As-ls'  Process  Flowchart 
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NASSCO  Stage  of  Construction  1  -  Steel  Fabrication  'As-ls'  Process  Flowchart 
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NASSCO  Stage  of  Construction  1  -  Steel  Fabrication  'As-ls'  Process  Flowchart 
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NASSCO  Stage  of  Construction  1  -  Steel  Fabrication  'As-ls'  Process  Flowchart 
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NASSCO  Stage  of  Construction  1  -  Steel  Fabrication  'As-ls'  Process  Flowchart 
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NASSCO  Stage  of  Construction  2  -  Steel  Subassembly  'As-ls'  Process  Flowchart 
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NASSCO  Stage  of  Construction  2  -  Steel  Subassembly  'As-ls'  Process  Flowchart 
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NASSCO  Panel  Line  -  As-ls'  Process  Flowchart 
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NASSCO  Steel  Fabrication  and  Subassembly  ‘As-Is’  Process  Flowchart  Supplement 

The  intent  of  this  supplement  is  to  define  the  logic  which  should  be  used  in  the  simulation  model.  The 

numbered  items  below  directly  correspond  to  the  individual  flowchart  items  for  the  ‘As-Is’  process 

flowchart. 

1 .  The  507  crane  will  pick  plates  from  piles  within  the  steel  yard  and  stage  them  next  to  the  T1  transfer 
car.  The  T1  transfer  car  will  index  over  to  be  within  reach  of  the  507  crane.  The  507  crane  will 
then  transfer  the  staged  plates  one  at  a  time  to  the  T1  transfer  car.  The  507  crane  requires  one 
operator  and  the  T1  transfer  car  is  operated  by  one  of  the  Prime  Line  workers. 

2.  The  T1  transfer  car  indexes  back  in-line  with  and  becomes  part  of  the  wheelabrator  incoming 
conveyor.  The  transfer  car  and  the  incoming  conveyor  are  operated  manually  by  one  of  the  workers. 

3.  Stock  within  reach  of  the  Pico  crane  is  retrieved  by  that  crane  and  staged  for  delivery  to  the 
wheelabrator.  A  forktruck  performs  this  operation  if  the  Pico  crane  is  down  or  if  the  material  is  out 
of  the  crane’s  reach.  In  either  case,  an  operator  is  required. 

4.  There  is  a  quick  sort  of  the  profile  raw  stock  by  length. 

5.  Place  the  material  greater  than  3 1’  in  length  in  its  own  stack. 

6.  Place  the  material  less  than  3 1’  in  length  in  its  own  stack. 

7.  Use  a  forktruck  to  transfer  the  stacks  of  profile  material  from  the  profile  steel  yard  to  the 
wheelabrator  incoming  material  staging  area.  If  the  raw  material  is  51’  in  length,  a  special  spreader 
bar  must  be  used  to  transfer  the  material. 

8.  Within  the  wheelabrator  incoming  material  staging  area,  use  a  forktruck  to  orient  and  place  the 
profile  material  onto  the  wheelabrator  incoming  conveyor.  The  number  of  profiles  loaded  at  the 
same  time  (i.e.  side-by-side)  will  vary  from  seven  pieces  for  flatbar  and  four  pieces  for  all  other 
profiles. 

9.  Feed  the  material  by  conveyor  through  the  wheelabrator  for  processing.  The  first  process  is  a  shot 
blast  to  remove  any  mill  scale.  The  second  process  is  a  painting  operation  where  a  primer  coat  is 
applied  to  the  material.  One  to  two  workers  are  required  to  operate  the  conveyors  and  the 
wheelabrator.  An  additional  worker  is  stationed  at  the  exit  point  of  the  wheelabrator  to  hand  label 
all  outgoing  pieces  of  material. 

10.  Profile  material  is  sent  straight  through  to  the  end  of  the  wheelabrator  conveyor  system  where  it  is 
removed  from  the  conveyor  by  forktruck. 

11.  Plates  are  transferred  from  die  wheelabrator  outgoing  conveyor  to  the  C2  collocator  car  via  a 
turntable. 

12.  Plates  for  T-beam  manufacture  are  logically  separated  from  all  other  plates. 

13.  Plates  scheduled  for  the  flame  planer  or  the  CM300  machines  are  sorted  out  from  the  rest. 

14.  Plates  scheduled  for  the  CNC  bum  machines  in  the  2000  crane  bay  are  stored  in  piles  within  the  C2 
collocator  lane. 

15.  The  2000  crane  is  used  to  remove  any  scrap  and  remnant  material  from  the  CNC  bum  machine 
tables,  the  2000  crane  will  then  place  this  material  into  centrally  located  dumpsters  within  the  2000 
crane  bay.  The  dumpsters  are  periodically  emptied  by  an  outside  contractor. 

16.  The  2000  crane  will  transfer  plates  from  C2  collocator  lane  storage  to  the  CNC  bum  machine  table. 
This  operation  may  require  some  plate  shuffling. 

17.  Sometimes  multiple  (i.e.  mirrored  plates)  will  be  processed  on  the  bum  machines.  There  needs  to 
be  a  check  for  mirrored  plates  at  this  point  in  the  logic.  Please  see  the  additional  write  up  on  the 
2000  crane  operations. 

18.  Same  as  #16. 

19.  This  task  consists  of  downloading  the  NC  program  and  loading  the  plates  onto  the  cutting  table. 

20.  Using  the  marking  heads  on  the  CNC  bum  machines,  layout  lines  are  marked  on  the  plate. 

2 1 .  Detail  pieces  are  cut  from  the  plate  stock. 

22.  Some  of  the  plates  require  a  manual  bevel  operation  after  cutting  on  the  CNC  bum  tables. 

23.  Is  there  an  open  manual  bevel  station? 

24.  No  open  manual  bevel  station,  therefore  transfer  piece  to  manual  bevel  staging. 

25.  Transfer  plate  to  the  manual  bevel  station. 

26.  Determine  bevel  requirements  and  setup  required  equipment. 

27.  Perform  manual  bevel  operations. 


28.  Is  the  piece  going  directly  to  next  assembly? 

29.  Next  assembly  not  ready,  store  the  piece  in  a  local  storage  location. 

30.  Is  the  plate  going  to  the  panel  line? 

3 1 .  Use  the  2000  crane  to  transfer  the  plate  from  to  the  panel  line  transfer  car. 

32.  Is  the  detail  piece  greater  than  18  ft  in  length?  If  so,  do  not  use  forktrucks  for  transport. 

33.  Is  the  plate  going  to  subassembly? 

34.  Transfer  plates  less  than  18  ft  in  length  to  the  subassembly  kitting  area. 

35.  Transfer  plates  less  than  18  ft  in  length  to  their  SOC3  next  assembly  location. 

36.  If  the  plates  are  greater  than  18  ft,  are  they  going  to  subassembly  or  to  assembly? 

37.  Using  the  collocator  system,  transfer  plates  to  predefined  staging  piles  in  the  Cl  collocator  lane. 

38.  Plates  greater  than  18  ft  in  length  which  are  not  going  to  either  the  panel  line,  subassembly,  or  Table 
1  are  delivered  to  the  next  assembly  location  by  trailer. 

39.  Flatbar  stock  output  from  the  wheelabrator  is  loaded  into  cassettes  and  then  transported  to  staging 
area  by  a  log  carrier. 

40.  Same  as  #39. 

41.  Same  as  #41. 

42.  Is  the  flatbar  going  to  be  processed  by  the  ironworker? 

43.  Transfer  a  cassette  load  of  flatbar  material  from  staging  to  the  ironworker  staging  area. 

44.  Seize  one  of  the  5  ton  overhead  cranes  from  the  subassembly  area  to  aide  in  material  handling  at  the 
ironworker. 

45.  Read  the  manufacturing  shop  order  and  setup  equipment  to  perform  the  task. 

46.  Process  flatbar.  Processing  time  to  be  a  function  of  the  number  of  cuts. 

47.  Mark  and  label  each  individual  piece. 

48.  Flatbar  stock  is  to  be  processed  on  Table  10,  use  the  carrier  to  transport  raw  stock  in  cassettes  from 
the  staging  area  to  Table  10. 

49.  The  507  crane  is  used  to  transfer  incoming  flatbar  material  from  the  cassettes  to  the  Table  10 
workarea. 

50.  Workers  refer  to  manufacturing  plans  and  then  layout,  mark,  and  label  parts  to  be  cut  from  the 
flatbar  stock. 

5 1 .  Are  the  pieces  to  be  cut  from  the  large  shear? 

52.  Pieces  are  manually  cut  from  raw  stock  using  hand  held  cutting  torches  on  Table  10. 

53.  Pieces  are  to  be  cut  on  the  large  shear,  and  are  therefore  loaded  onto  to  pallets  for  transport  to  the 
large  shear  staging  area. 

54.  Forktrucks  transport  flatbar  material  loaded  on  pallets  from  Table  1 0  to  the  large  shear  staging  area. 

55.  A  gantry  crane  at  the  large  shear  is  used  to  move  stock  from  the  staging  area  to  the  large  shear  input 
table. 

56.  Parts  are  processed  on  the  large  shear.  Cycle  time  is  a  function  of  the  number  of  cuts. 

57.  Completed  parts  are  stacked  onto  pallets  on  the  output  side  of  the  large  shear. 

58.  Do  the  sheared  parts  require  beveling? 

59.  Using  a  forktruck,  transport  a  pallet  load  of  completed  parts  from  the  output  side  of  the  large  shear 
to  the  small  parts  manual  bevel  staging  area. 

60.  Review  the  beveling  instructions  on  the  manufacturing  plan,  setup  material  and  equipment  to 
perform  the  manual  beveling  operation. 

6 1 .  Perform  the  manual  beveling  operation. 

62.  Stack  beveled  pieces  onto  a  pallet. 

63.  Transfer  pallet  of  beveled  pieces  to  a  manual  deburr  station. 

64.  Manually  debun  parts. 

65 .  Stack  the  deburred  parts  onto  a  pallet. 

66.  Using  a  forktruck,  transfer  the  pallet  of  deburred  parts  to  storage. 

67.  Are  the  non-flatbar  profiles  exiting  the  wheelabrator  greater  than  3 1  ft  in  length? 

68.  Non-flatbar  profiles  greater  than  31  ft  in  length  are  loaded  into  cassettes  as  they  exit  the 
wheelabrator.  A  forktruck  is  used  for  material  handling. 

69.  Non-flatbar  profiles  less  than  31  ft  in  length  are  loaded  onto  carrier  blocks  as  they  exit  the 
wheelabrator.  A  forktruck  is  used  for  material  handling. 

70.  A  log  carrier  is  used  to  transport  non-flatbar  profiles  loaded  in  cassettes  or  on  carrier  blocks  from  the 
output  side  of  the  wheelabrator  to  the  profile  staging  area. 


71.  A  log  carrier  is  used  to  transport  non-flatbar  profiles  loaded  in  cassettes  or  on  carrier  blocks  from  the 
profile  staging  area  to  the  profile  fabrication  staging  area. 

72.  Is  the  raw  stock  greater  than  3 1  ft  in  length.? 

73.  Raw  stock  is  greater  than  3 1  ft  in  length  and  therefore,  the  long  load  bar  must  be  installed  on  the  600 
crane. 

74.  The  600  crane  is  used  to  transfer  profile  raw  stock  from  the  staging  area  to  the  layout  and  bum 
tables. 

75.  Workers  layout,  mark  and  label  detail  parts  on  the  pieces  of  profile  raw  stock. 

76.  Workers  use  hand  torches  to  cut  detail  pieces  from  the  profile  raw  stock. 

77.  Are  the  completed  profile  parts  greater  than  3 1  ft  in  length? 

78.  Completed  parts  are  greater  than  31  ft  in  length  and  therefore,  require  that  the  long  load  bar  be 
installed  on  the  crane. 

79.  Is  there  a  cassette  or  pallet  available  for  the  outgoing  profile  parts? 

80.  If  no  cassettes  or  pallets  are  available,  use  the  600  crane  to  transfer  the  completed  profile  parts  from 
the  layout  and  bum  tables  to  the  outgoing  staging  area. 

8 1 .  Use  the  600  crane  to  load  completed  profile  parts  onto  cassettes  and  or  pallets.  Parts  are  sorted  by 
part  number  and  next  assembly, 

82.  Are  the  completed  profile  parts  going  directly  to  the  next  assembly  area? 

83.  Next  assembly  area  is  not  ready  for  the  completed  profile  parts,  therefore,  they  are  transported  to 
storage  by  forktruck  or  log  carrier. 

84.  Profile  parts  are  transported  directly  to  the  next  assembly  location  from  profile  fabrication  by  either 
forktruck  or  log  carrier. 

85.  Is  T-beam  fabrication  area  ready  to  accept  the  T-beam  material  (plates)  exiting  the  wheelabrator? 

86.  Fabrication  is  not  ready  for  the  just  primed  T-beam  material,  therefore,  transfer  this  material  to  a 

predefined  storage  location  in  the  C2  collocator  lane. 

87.  Is  the  flange  material  for  a  T-beam  greater  than  14”  wide? 

88.  Flange  material  for  T-beams  greater  than  14”  wide  is  stripped  from  plate  using  the  CM  100.  Raw 
material  for  this  operation  is  stored  in  the  C2  collocator  lane.  The  2000  crane  transfers  this  material 
from  the  C2  storage  location  onto  a  trailer. 

89.  Trailer  loads  of  material  are  transported  from  the  2000  crane  bay  to  the  CM  100.  A  forktruck  is 
required  for  this  operation. 

90.  The  590  crane  is  used  to  transfer  T-beam  flange  material  from  the  trailer  to  the  CM  1 00  table. 

91.  Workers  refer  to  the  manufacturing  plan  and  setup  the  material  and  machine  accordingly  at  the 

CM  100. 

92.  The  CM100  is  used  to  strip  T-beam  flanges  from  plate  stock. 

93.  The  590  crane  is  used  to  transfer  T-beam  flanges  from  the  CM100  table  to  Table  10. 

94.  Workers  manually  fit  the  flanges  to  webs  on  Table  10. 

95.  A  T-beam’s  flange  and  web  are  welded  together  using  gravity  welders. 

96.  Freshly  completed  and  cooled  T-beam  welds  (web  to  flange)  are  stripe  coated  with  paint  to  prevent 

rusting. 

97.  Flange  material  for  T-beams  less  than  14”  wide  is  stripped  from  plate  using  the  flame  planer.  Raw 
material  for  this  operation  is  stored  in  the  C2  collocator  lane.  The  2000  crane  transfers  this  material 
from  the  C2  storage  location  onto  the  T2  transfer  car. 

98.  Material  is  transported  via  the  T2  transfer  car  the  flame  planer  input  conveyor. 

99.  Workers  refer  to  the  manufacturing  plan,  and  setup  the  material  and  machine. 

100.  The  flame  planer  is  used  to  strip  T-beam  flanges  from  plate  material.  The  processing  time  is  a 
function  of  the  feedrate  and  the  length  of  cut. 

101.  Stripped  T-beam  flanges  are  transferred  from  the  flame  planer  output  conveyor  onto  the  T3  transfer 
car.  The  material  is  then  transferred  from  T3  to  the  T-beam  welder  input  conveyor. 

102.  T-beams  are  processed  through  the  T-beam  welder. 

103.  T-beams  exiting  the  T-beam  welder  are  loaded  onto  carrier  blocks  using  a  local  5  ton  gantry  crane. 

104.  A  log  carrier  transfers  a  load  of  T-beams  on  carrier  blocks  from  the  T-beam  welder. 

1 05 .  Has  the  blank  T-beam  been  processed  through  the  wheelabrator? 

106.  Non-primed  T-beams  are  transported  by  log  carrier  to  the  wheelabrator  input  staging  area. 

107.  Forktrucks  are  used  to  transfer  blank  T-beams  from  the  wheelabrator  input  staging  area  to  the  input 
conveyor. 


108.  T -beams  are  processed  through  the  wheelabrator. 

109.  A  forktruck  is  used  to  transfer  primed  T-beams  from  the  wheelabrator  output  conveyor  and  loaded 
onto  carrier  blocks. 

110.  A  log  carrier  is  used  to  transfer  loads  of  T-beams  from  the  wheelabrator  output  area  to  the 
blacksmith  area. 

111.  A  gantry  crane  is  used  to  load  T-beams  from  onto  the  bulldozer  or  frame  bender. 

1 12.  The  bulldozer  or  frame  bender  is  used  to  straighten  the  T-beams. 

1 13.  Processed  T-beams  are  loaded  onto  carrier  blocks. 

1 14.  A  log  carrier  is  used  to  transfer  processed  T-beams  to  Table  10. 

1 15.  Using  the  600  crane,  transfer  staged  T-beams  onto  Table  10. 

116.  Manually  layout  and  mark  a  T-beam. 

117.  Using  a  hand  torch  manually  make  all  cutouts  on  a  T-beam. 

118.  Use  the  600  crane  to  transfer  cut  T-beam  from  Table  1 0  to  the  carrier  blocks. 

119.  Using  the  log  carrier,  transfer  loads  of  cut  T-beams  from  Table  10  to  the  profile  staging  area. 

120.  Are  plates  coming  from  the  2000  crane  bay  going  to  the  flame  planer? 

121.  Using  T2  transfer  plates  from  the  2000  crane  bay  to  the  flame  planer  input  conveyor. 

122.  Worker  refers  to  manufacturing  plan  to  setup  material  and  machine. 

123.  Process  plate  across  the  flame  planer.  Process  time  is  a  function  of  the  feedrate  and  the  length  of 
cut. 

124.  Is  the  processed  material  going  from  the  flame  planer  to  subassembly  or  to  Table  1  SOC3? 

125.  Using  the  collocator  system  (T3  and  Cl),  transfer  material  from  the  flame  planer  to  a  predefined 
storage  location  in  the  Cl  collocator  lane. 

126.  Parts  coming  off  of  the  flame  planer,  which  are  not  going  to  Table  1  or  to  subassembly,  are  loaded 
onto  trailers  and  transported  out  of  the  system. 

127.  Plates  are  transferred  from  the  2000  crane  to  the  small  parts  fabrication  input  conveyor  using  the  T2 
transfer  car. 

128.  The  local  gantry  crane  is  used  to  load  raw  stock  onto  the  CM300  bum  table. 

129.  Worker  refers  to  manufacturing  plan  to  setup  material  and  machine. 

130.  The  CM300  is  used  to  fabricate  detail  parts. 

131.  The  machine  operator  manually  labels  each  cut  part  on  the  CM300. 

132.  The  machine  operator  manually  removes  small  parts  from  the  CM300  table  and  stacks  them  onto 
pallets.  The  area  crane  is  used  to  remove  the  heavier  pieces. 

133.  The  machine  operator  uses  the  area  crane  to  transfer  scrap  material  to  the  scrap  bin. 

1 34.  Pallets  of  completed  small  parts  are  transferred  to  next  assembly  or  storage  by  forktrucks. 

135.  Material  for  subassemblies  is  delivered  to  the  paneling  area  from  one  of  three  sources.  Plates  greater 
than  18  feet  long  are  transported  from  storage  locations  in  the  C2  collocator  lane.  The  Table  1 
cranes,  collocator  car,  transfer  cars,  and  shop  cranes  are  used  to  transport  this  material  into  the  area. 
Long  profiles  are  delivered  to  the  area  in  cassettes  and  /  or  carrier  blocks  by  the  log  carrier.  Plates 
and  profiles  less  than  18  feet  in  length  are  delivered  in  a  kits  from  the  subassembly  kitting  area. 

136.  If  there  is  not  sufficient  open  floorspace  for  a  given  subassembly,  place  its  material  in  the  paneling 
staging  area. 

137.  Laydown  the  material  in  an  open  space  in  preparation  for  paneling. 

138.  Shop  cranes  are  used  to  remove  completed  panels  from  the  workarea.  They  are  transported  to  the 
far  east  end  of  the  shop  and  loaded  onto  trailers.  The  trailers  are  then  transported  to  the  designated 
area  in  SOC3. 

139.  A  fitter  is  assigned  to  the  job  and  he/she  performs  all  of  the  required  tasks  to  fit  the  panel  plates 
together, 

140.  The  welder  uses  a  local  crane  to  position  the  subarc  welding  unit  onto  the  panel.  He/she  then  sets  up 
the  welding  unit  to  perform  the  job. 

141.  The  subarc  welding  unit  is  used  to  butt  weld  panel  seams.  The  process  time  is  a  function  of  the 
feedrate  and  weld  length. 

142.  The  paneling  process  requires  welding  on  both  sides  of  the  panel. 

143.  Shop  cranes  are  used  to  flip  the  panel  over. 

144.  The  welder  repeats  the  setup  process  for  the  subarc  welding  unit. 

145.  The  subarc  welding  unit  is  used  to  butt  weld  panel  seams.  The  process  time  is  a  function  of  the 
feedrate  and  weld  length. 


146.  Are  there  additional  parts  to  install  on  the  panel? 

147.  Panels  are  transported  to  the  line  heating  area  in  the  east  end  of  the  shop  using  the  shop  gantry 
cranes. 

148.  Completed  panels  are  loaded  onto  trailers  with  the  shop  cranes.  The  trailers  are  then  transported  to 
the  designated  area  in  SOC3. 

149.  Are  the  additional  parts  for  the  panel  to  be  installed  in  the  subassembly  workcells? 

150.  A  fitter  is  assigned  to  the  job  and  he/she  performs  all  of  the  required  tasks  to  fit  the  detail  pieces  of  a 
subassembly.  A  portion  of  this  operation  requires  assistance  from  the  area  cranes. 

151.  A  welder(s)  is  assigned  to  the  job  and  he/she  performs  all  of  the  required  tasks  to  weld  the 
subassembly.  Welding  time  is  a  function  of  the  method  used  and  the  total  weld  footage. 

1 52.  Sometimes  there  are  more  detail  pieces  to  fit  onto  the  subassembly  after  the  completion  of  a  welding 
operation.  If  this  is  the  case,  repeat  the  fit  and  weld  cycle. 

153.  Subassemblies  that  are  distorted  from  the  welding  process  must  be  processed  through  the  line 
heating  area. 

154.  Material  for  subassemblies  is  delivered  to  the  subassembly  workcells  from  one  of  three  sources. 
Plates  greater  than  18  feet  long  are  transported  from  storage  locations  in  the  C2  collocator  lane.  The 
Table  1  cranes,  collocator  car,  transfer  cars,  and  shop  cranes  are  used  to  transport  this  material  into 
the  area.  Long  profiles  are  delivered  to  the  area  in  cassettes  and  /  or  carrier  blocks  by  the  log  carrier. 
Plates  and  profiles  less  than  18  feet  in  length  are  delivered  in  a  kits  from  the  subassembly  kitting 
area. 

155.  If  there  is  not  sufficient  open  floorspace  for  a  given  subassembly,  place  its  material  in  the 
subassembly  workcell  staging  area. 

156.  Laydown  the  material  in  an  open  space  within  the  defined  subassembly  workcell. 

157.  Subassemblies  are  transported  to  the  line  heating  area  in  the  east  end  of  the  shop  using  the  shop 
gantry  cranes. 

158.  Completed  subassemblies  are  transported  to  the  designated  area  in  SOC3.  The  smaller 
subassemblies  are  transported  out  of  the  area  by  forktruck.  The  larger  subassemblies  are  loaded 
onto  trailers  in  the  east  end  of  the  shop  with  the  area  gantry  cranes.  The  trailers  are  then  transported 
to  the  designated  area  in  SOC3. 

159.  A  fitter  is  assigned  to  the  job  and  he/she  performs  all  of  the  required  tasks  to  fit  the  detail  pieces  of  a 
subassembly.  A  portion  of  this  operation  requires  assistance  from  the  area  cranes. 

160.  A  welder(s)  is  assigned  to  the  job  and  he/she  performs  all  of  the  required  tasks  to  weld  the 
subassembly.  Welding  time  is  a  function  of  the  method  used  and  the  total  weld  footage. 

161.  Sometimes  there  are  more  detail  pieces  to  fit  onto  the  subassembly  after  the  completion  of  a  welding 
operation.  If  this  is  the  case,  repeat  the  fit  and  weld  cycle. 

162.  Subassemblies  that  are  distorted  from  the  welding  process  must  be  processed  through  the  line 
heating  area. 

163.  Material  for  subassemblies  is  delivered  to  the  pre-subassembly  area  from  the  subassembly  kitting 
area. 

164.  If  there  is  not  sufficient  open  tablespace  for  a  given  subassembly,  place  its  material  in  the  pre¬ 
subassembly  staging  area. 

165.  Laydown  the  material  in  an  open  space  on  the  pre-subassembly  worktables. 

166.  Completed  subassemblies  are  loaded  onto  to  pallets  and  then  transported  by  forktruck  to  the 
designated  area  in  SOC3. 

167.  A  fitter  is  assigned  to  the  job  and  he/she  performs  all  of  the  required  tasks  to  fit  the  detail  pieces  of  a 
subassembly.  A  portion  of  this  operation  requires  assistance  from  the  area  jib  cranes. 

168.  A  welder(s)  is  assigned  to  the  job  and  he/she  performs  all  of  the  required  tasks  to  weld  the 
subassembly.  Welding  time  is  a  function  of  the  method  used  and  the  total  weld  footage. 

169.  Sometimes  there  are  more  detail  pieces  to  fit  onto  the  subassembly  after  the  completion  of  a  welding 
operation.  If  this  is  the  case,  repeat  the  fit  and  weld  cycle. 

170.  Are  the  completed  subassemblies  going  into  larger  subassemblies  in  the  paneling  area? 

171.  Are  the  completed  subassemblies  going  into  larger  subassemblies  in  the  subassembly  workcells? 

172.  The  area  gantry  cranes  are  used  to  transport  subassemblies  from  the  line  heating  staging  area  to  the 
line  heating  acom  table. 

173.  Completed  subassemblies  are  transported  to  the  designated  area  in  SOC3.  The  smaller 
subassemblies  are  transported  out  of  the  area  by  forktruck.  The  larger  subassemblies  are  loaded 


onto  trailers  in  the  east  end  of  the  shop  with  the  area  gantry  cranes.  The  trailers  are  then  transported 
to  the  designated  area  in  SOC3. 

174.  Distortions  in  subassemblies  are  corrected  with  the  line  heating  process. 

175.  A  panel  line  worker  coordinates  with  the  2000  crane  operator  on  the  sequence  and  orientation  of 
plates  for  the  panel  line.  The  crane  operator  retrieves  plates  and  places  them  on  the  T4  transfer  car. 

176.  A  worker  takes  a  hand  held  grinder  and  removes  any  slag  from  the  plate  edges. 

177.  The  transfer  is  indexed  over  and  aligned  with  the  beginning  of  the  panel  line. 

178.  The  first  plate  in  the  panel  is  simply  indexed  onto  the  panel  line.  Subsequent  plates  are  aligned  with 

previous  plates  in  a  panel  by  using  the  transfer  car  to  shift  the  plate  back  and  forth. 

179.  First  plate  in  the  panel  is  indexed  directly  to  the  panel  line. 

180.  Subsequent  plates  are  aligned  to  the  panel  using  the  transfer  car.  Workers  tack  both  ends  of  the 

seam  to  hold  the  plates  together  while  indexing  to  the  plate  fitting  station. 

181.  The  panel  assembly  is  moved  down  the  line  (off  of  the  transfer  car)  using  the  panel  line  drive 
system. 

1 82 .  Twin  magnet  beds  are  used  to  fair  the  surfaces  of  the  new  plate  with  the  panel  assembly. 

1 83.  Repeat  for  above  process  for  additional  plates. 

184.  Plate  fitting  is  complete.  Use  the  panel  line  drive  system  to  transfer  the  plate  to  the  next  station  on 
the  line. 

185.  Several  of  the  RO/RO  vessel  blocks  have  deck  sockets.  If  so,  deck  sockets  are  installed  prior  to 
seaming. 

186.  Using  a  hand  grinder,  workers  remove  sharp  edges  from  the  deck  socket  cutouts. 

187.  Workers  manually  carry  deck  sockets  from  a  storage  bin  and  distribute  them  on  the  panel  as 
required. 

188.  Special  welding  units  are  lifted  onto  the  panel  with  panel  line’s  gantry  crane. 

189.  Deck  sockets  are  welded  using  the  special  welding  equipment. 

190.  The  panel  is  moved  to  the  next  station  on  the  line. 

191.  The  copper  backing  bar  is  cleaned  and  fluxed  ready  for  the  next  seam. 

192.  The  panel  is  aligned  over  the  copper  backing  bar  using  the  panel  line’s  drive  system,  plate  pushers, 
and  adjustable  magnets.. 

193.  The  seam  is  welded  using  the  one  sided  welder. 

194.  If  there  are  more  seams,  repeat  the  above  process. 

195.  Using  the  panel  line  drive  system,  the  panel  is  transferred  to  the  next  station  on  the  line. 

196.  Two  workers  manually  layout  the  stiffener  and  frame  locations  on  the  panel. 

197.  A  portable  oxy-acetalene  torch  unit  is  used  to  square  the  edges  of  the  panel. 

198.  Using  the  panel  line  drive  system,  the  panel  is  transferred  to  the  next  station  on  the  line. 

199.  Cassettes  loaded  with  stiffeners  are  transferred  from  SOC1  storage  locations  and  delivered  to  the  far 
west  end  of  the  panel  line. 

200.  The  panel  line  gantry  crane  will  pick  up  the  loaded  cassettes  and  place  them  on  top  of  the  related 
panel  in  the  stiffener  fitting  station. 

201.  The  panel  line  gantry  crane  is  used  to  place  the  stiffeners  from  the  cassette  onto  the  panel  one  at  a 
time.  The  stiffeners  are  prefit  using  simple  fitting  aides  to  hold  them  in  an  upright  position. 

202.  A  stiffener  fitting  press  is  used  to  squeeze  out  any  gaps  between  the  stiffener  and  the  panel.  The 
stiffeners  are  then  tacked  into  position.  The  press  can  service  up  to  two  stiffeners  at  a  time. 

203.  Empty  cassettes  are  removed  from  the  line  by  the  area  gantry  crane. 

204.  Using  the  panel  line  drive  system,  the  panel  is  transferred  to  the  next  station  on  the  line. 

205.  The  panel  must  be  aligned  with  the  stiffener  welding  gantry.  The  gantry  has  some  skewing 
capability  which  assists  with  this  operation. 

206.  Both  sides  of  up  to  four  stiffeners  are  welded  simultaneously. 

207.  If  more  stiffeners  remain  to  be  welded,  repeat  the  above  process. 

208.  Using  the  panel  line  drive  system,  the  panel  is  transferred  to  the  next  station  on  the  line. 

209.  Cassettes  loaded  with  frames  are  transferred  from  SOC1  storage  locations  and  delivered  to  the  far 
west  end  of  the  panel  line. 

210.  The  panel  line  gantry  crane  will  pick  up  the  loaded  cassettes  and  place  them  on  top  of  the  related 
panel  in  the  frame  fitting  station. 

211.  The  panel  line  gantry  crane  is  used  to  place  the  frames  into  position  one  at  a  time. 

212.  Fitters  manually  complete  the  frame  fitting  operation. 


213.  Empty  cassettes  are  removed  from  the  line  by  the  area  gantry  crane. 

214.  Using  the  panel  line  drive  system,  the  panel  is  transferred  to  the  next  station  on  the  line. 

215.  Welders  are  assigned  to  the  panel  and  welding  of  the  panel  is  completed. 

216.  Using  the  panel  line  drive  system,  the  panel  is  transferred  to  the  load  out  station.  This  is  the  last 
station  on  the  line. 

217.  The  yard  whirley  cranes  will  transfer  completed  panels  from  the  load  out  station  to  the  next 
assembly  area. 


APPENDIX  E 

DETAILED  PERFORMANCE  STATISTICS  FOR  PROFILE 
FABRICATION  AND  PANEL  LINE  MODELS 


DETAILED  PERFORMANCE  STATISTICS  FOR  THE 
“BASELINE”  PROFILE  FABRICATION  AREA  MODEL 
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TBeamFlowTime  15  3136.982200  0  3625.86  476.293  412.39 

FlatBarFlowTime  23  2042.633913  0  4306.18  1333.59  1736.7 
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DETAILED  PERFORMANCE  STATISTICS  FOR  THE 
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DETAILED  PERFORMANCE  STATISTICS  FOR  THE 
“MOST  LIKELY  OPERATING  CONDITION” 
PROFILE  FABRICATION  AREA  MODEL 
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